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Abstract
Computer technology has permeated almost every sphere of daily living, bringing about
many advantages - and challenges - for its users. This becomes particularly apparent for
older people’s use of public access systems like ticket vending machines (TVM), which should
be „walk-up and use systems“ but often pose challenging problems for them. Are they too
old to use IT?
Based on the notion that usability is not a product characteristic, but rather an inter-
action characteristic of product and user, this thesis aims to (a) improve the usability of
a ticket vending machine (TVM) following two different approaches (teach or design) and
to compare the resulting three TVM designs (original, video, wizard) regarding the usabil-
ity criteria effectiveness, efficiency and satisfaction, and to (b) estimate the impact of age
and age-correlated user characteristics on the successful use of these functionally equivalent
TVM designs with a special focus on computer literacy.
In a two (age group: young, old) by three (experimental condition: control, video, wiz-
ard) factorial quasi experimental research design, 62 older (M=68 years) and 62 younger
(M=25 years) participants solved the same eleven tasks in three different groups: The con-
trol group used a simulated TVM of the BVG (public transportation in Berlin, Germany),
the video group watched a brief instructional video integrated into the same TVM before
using it and the wizard group used a redesigned wizard interface instead. Measured user
characteristics include computer literacy, control beliefs regarding technology, attitude to-
wards TVM, computer anxiety and fluid intelligence.
Results indicate that video and wizard substantially improved the TVM usability, in-
creasing effectiveness for the older groups from 52% to 80% and 88% respectively, reaching
the performance level of the younger group using the original TVM. Using the wizard, age
differences in effectiveness and satisfaction were eliminated. However, efficiency (time) dif-
ferences remained between age groups. Hierarchical regression analysis revealed that user
characteristics had a strong effect on effectiveness of BVG-TVM use, explaining 62% of the
variance, but a weaker effect (36%) in the video condition and almost no effect (5%) in the
wizard condition, indicating universal usability.
The results suggest that the integration of minimal video instruction or a task oriented
wizard design can make public access systems truly universally usable with reasonable effort
and that not chronological age itself predicts successful TVM use, but age related user
characteristics, which can - and should - be measured and designed for.
Keywords: universal usability, older adults, public access systems, ICT, inclusive design,
design for all, ticket vending machines
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Zusammenfassung
Computer haben fast jeden Lebensbereich durchdrungen, was viele Vorteile - aber auch
Herausforderungen - für ihre Nutzer mit sich bringt. Dies wird vor allem bei der Benutzung
von Fahrkartenautomaten (FKA) oder anderer Technik im öffentlichen Raum deutlich, denn
diese sollten beim Herantreten spontan benutzbar sein, stellen gerade ältere Benutzer aber
oft vor Probleme. Sind sie zu alt, um Technik zu benutzen?
Basierend auf der Annahme, daß Gebrauchstauglichkeit keine Eigenschaft eines Produk-
tes, sondern eine Eigenschaft der Interaktion zwischen Nutzer und Produkt darstellt, verfolgt
diese Dissertation zwei Ziele. Zum einen soll die Gebrauchstauglichkeit eines Fahrkartenau-
tomaten (FKA) verbessert werden, indem zwei einander ergänzende Ansätze angewandt
werden (notwendiges Wissen vermitteln oder Produkt umgestalten) und die daraus entste-
henden drei FKA-Varianten (Original, Video, Wizard) hinsichtlich der Kriterien der Ge-
brauchstauglichkeit Effektivität, Effizienz und Zufriedenstellung verglichen werden. Zum
anderen soll der Einfluß des Alters und alterskorrelierter Benutzermerkmale auf die erfolgre-
iche Benutzung dieser funktional equivalenten FKA-Gestaltungsvarianten unter besonderer
Berücksichtigung des Merkmals Computerwissen geschätzt werden.
In einem zwei faktoriellen quasi-experimentellen Versuchsplan mit zwei (Altersgruppe:
jung, alt) mal drei (experimentelle Bedingung: Kontrolle, Video, Wizard) Faktorstufen
lösten 62 ältere (M=68 Jahre) und 62 jüngere (M=25 Jahre) Versuchsteilnehmer die selben
elf Aufgaben in drei verschiedenen Gruppen: Die Kontrollgruppe nutzte einen simulierten
FKA der BVG (Berliner Verkehrsbetriebe), die Videogruppe sah ein kurzes Instruktionsvideo
bevor sie den selben FKA nutzte und die Wizardgruppe nutzte statt dessen eine umgestal-
tete graphische Benutzungsschnittstelle. Zusätzlich wurden die Nutzermerkmale Comput-
erwissen, Kontrollüberzeugungen im Umgang mit Technik, Einstellung gegenüber FKA und
Computerängstlichkeit sowie zwei Maße der fluiden Intelligenz erfaßt.
Die Ergebnisse zeigen, daß die Gebrauchstauglichkeit des FKA mittels Video und Wizard
erheblich verbessert werden konnte. So stieg die Effektivität für die älteren Gruppen von
52% auf 80% beziehungsweise 88% und erreichte damit das Leistungsniveau der jüngeren
Nutzer des ursprünglichen FKA. Durch die Nutzung des Wizard konnten die Altersunter-
schiede in Effektivität und Zufriedenstellung vollständig eliminiert werden. Die zwischen den
Altersgruppen bestehenden Unterschiede in Effizienz (gemessen nach Zeit) blieben jedoch
bestehen. Eine hierarchische Regressionsanalyse zeigte, daß Nutzermerkmale einen starken
Einfluß auf die effektive Benutzung des BVG-FKA hatten und 62% der gefundenen Varianz
aufklärten. Dieser Effekt war deutlich schwächer in der Videobedingung (36%) und ver-
schwand in der Wizard-Bedingung fast vollständig (5%), was als ein Zeichen für universelle
Gebrauchstauglichkeit bewertet werden kann.
Die Ergebnisse legen nahe, daß Technik im öffentlichen Raum durch die Integration einer
minimalen Videoinstruktion oder eines aufgabenorientierten Wizards mit angemessenem
Aufwand universell nutzbar gestaltet werden kann und daß nicht das chronologische Alter die
erfolgreiche Nutzung des FKA beeinflußt, sondern altersbezogene Nutzermerkmale, welche
gemessen werden können und sollten, um eine nutzungsgerechte Gestaltung zu ermöglichen.
Schlagwörter: universal usability, alternsgerechte Gestaltung, altersdifferenzierte Gestal-
tung, Technik im öffentlichen Raum, IKT, inclusive design, design for all, Fahrkartenautomat
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Introduction
M uch work for this thesis has been done as part of the "ALISA"-project, which wasfunded by the German Research Foundation (DFG) as part of the priority program
„age-differentiated work systems“ (SPP 1184). This chapter briefly describes ALISA within
SPP 1184 and gives on overview of the thesis.
The ALISA project within the priority program „age-differentiated work systems“
SPP 1184 started in 2005 and was set up to last six years, involving 19 universities
and other German research institutions that conducted over 40 experiments with 2,000
participants and 50 field studies with 25,000 employees. Its goal was to develop models
and methods companies could use to design and improve work systems and to offer aging
employees better working and learning conditions (Schlick et al., 2013, p.6).
It was structured to address issues on seven levels from macro- to micro-ergonomics,
based on the model by Luczak et al. (1987):
1. Sectors and value networks
2. Enterprises and companies
3. Cooperation in workgroups
4. Holistic activities and work forms
5. Tasks and workplaces
6. Sensorimotor control of tools
7. Autonomous organismic systems and the work environment
The „ALISA“-project of the Humboldt-University Berlin (Prof. Wandke) was integrated into
level six, along with other research projects conducted by the RWTH Aachen University
(Prof. Schlick), the Leibnitz Research Center (Prof. Heuer) and the Jacobs University
Bremen (Prof. Godde).
ALISA focused on training and design measures to support older people in ICT use,
conducting seven experiments with ticket vending machines (TVM). To research different
training measures, a basic training program was compared with error guided training, worked
examples and model based training (see Struve, 2009). To research measures of instruction
and design, the existing BVG1 TVM was compared to the same TVM complemented with
video instruction and to a wizard redesign (see Sengpiel et al., 2013). These measures of
instruction and design will be described in detail in this thesis.
Thesis overview
After introducing the ALISA project, the synopsis begins with a broad theoretical
foundation for the social relevance of inclusive design and universal usability for an aging
population. The second part of the theory section shifts focus from the macro to the micro
level, from society to the individual, describing aging and technology use and a meta-model
within life-span research called SOC (selection, optimization and compensation). It ends
with age and cohort differences relevant for the design of usable technology and leads directly
to the research questions and study overview described in the next section.
The goal of the following method section is to provide an overview repeating as little
as possible from the submitted articles without compromizing comprehensibility and to
1Berliner Verkehrsbetriebe, the major public transportation provider in Berlin
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Figure 1. Dissertation overview
provide background information not found there. It starts with an overview of the research
design and procedure and then describes briefly the design interventions video instruction
and wizard redesign representing the independent variables. Then, the usability measures
representing the dependent variables are briefly described, along with a section on CogTool
modelling used to predict task execution times needed to calculate efficiency and a section
on the Rating Scale Mental Effort (RSME) that has not been included in the articles due
to space constraints. Finally, the control variables that were expected to influence TVM
use are introduced. They include control beliefs regarding technology use, attitude toward
ticket vending machines, computer anxiety, fluid intelligence and computer literacy, the
latter filling an extra section describing the definition, operationalization and development
of an objective knowledge test to measure it.
The results section combines the summary of main results for the three articles in
two sections. First, the effect of the video instruction and wizard redesign to improve TVM
usability are described and compared, with a focus on effectiveness of use. Second, the
impact of age related user characteristics on successful TVM use are gauged and compared.
In the following section, these results are then discussed in the context of the theoret-
ical background of the introduction and related research, leading to outlook and conclusion.
The appendix contains
A: the complete interview and testing manual used to guide the user testing, including
all instructions, tasks and questionnaires, in the German original.
B: the prototype for the wizard redesign, made with OmniGraffle.
C: examples for CogTool results for the BVG and the wizard TVM, showing the
sequence of interaction steps needed for an optimal solution as screenshots connected with
arrows
D: the Computer literacy scale (CLS) manual in German, containing the questionnaire
along with a brief description and instructions to calculate scale values.
E: the research articles this synopsis integrates, namely
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article 1: with a focus on video instruction and the impact of computer literacy
=> Sengpiel, M., & Wandke, H. (2010). Compensating the effects of age differences in
computer literacy on the use of ticket vending machines through minimal video instruction.
Occupational Ergonomics, 9(2), 87–98.
article 2: with a focus on evaluation of the interventions video and wizard
=> Sengpiel, M. (submitted 2014). Teach or design? How older adults’ use of ticket vending
machines could be more effective. Transactions on Accessible Computing
article 3: with a focus on user characteristics predicting successful TVM use
=> Sengpiel, M. (submitted 2014). Too old to use IT? User characteristics and the effec-
tiveness of inclusive design. Universal Access in the Information Society
Figure 1 provides a visualization of the dissertation overview. It begins on top with the
observation of a need for improvement of the TVM that was based on the literature showing
that public access systems such as ticket vending machines pose difficulties for many and
older users in particular and on observations at train stations in Berlin (Butenhof, 2006))
and user testing comparing older and younger participants (Sengpiel et al., 2008).
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Theory
Living with technology: Do artifacts have politics?
“The penalty good men pay for indifference
to public affairs is to be ruled by evil men.”
Plato
In his short book “This is water”, which is based on his commencement address to the Kenyon
college class of 2005, David Foster Wallace (1962-2008) tells this story:
There are these two young fish swimming along and they happen to meet an
older fish swimming the other way, who nods at them and says "Morning, boys.
How’s the water?" And the two young fish swim on for a bit, and then eventually
one of them looks over at the other and goes "What the hell is water?"
David Foster Wallace posits that the dreaded cliché of education being about “teaching you
how to think” is not so much “about the capacity to think, but rather about the choice of
what to think about” and concedes that we construct meaning from our experience while
we are all at the center of (our construction of) the universe, yet he reminds us to be “just
a little less arrogant” and to “have just a little critical awareness” about ourselves and our
certainties that govern our daily living (Wallace, 2005).
Among the things we often take for granted are the artifacts that surround us. They
are to us, in many ways, like water to the fish in Wallaces story. They are manifestations of
human ingenuity that are deeply embedded in our culture and perhaps our very evolution
(Ihde, 1990). They enable us to do things we could not do without them, they extend our
range of potential actions. And yet by the same token, they can also restrict our actions,
raising the pertinent question: “Do artifacts have politics?” (Winner, 1980).
Winner starts his article stating that “In controversies about technology and society,
there is no idea more provocative than the notion that technical things have political qual-
ities”. He later illustrates this point with the parable of the bridges over the parkways on
Long Island (New York), which were allegedly deliberately designed very low by Robert
Moses, “the master builder of roads, parks, bridges, and other public works from the 1920s
to the 1970s in New York”, to “discourage the presence of buses on his parkways”, evidently
reflecting his “social-class bias and racial prejudice” (Winner, 1980, p.123). After all, “poor
people and blacks, who normally used public transit, were kept off the roads because the
twelve-foot tall buses could not get through the overpasses” (Winner, 1980, p.124).
He argues that most people will not think much about politics when they drive under
a bridge and yet “the things we call "technologies" are ways of building order in our world.
... Consciously or not, deliberately or inadvertently, societies choose structures for tech-
nologies that influence how people are going to work, communicate, travel, consume, and so
forth over a very long time" (Winner, 1980, p.127). Further examples he provides include
inferior welding machines purchased to replace skilled welders who organized a union and
handicapped people excluded from public life through artifacts, eg. in architecture.
Winner differentiates two kinds of choices to make regarding new technology (eg.
atomic energy), the first being a yes-or-no question: "Are we going to develop and adopt
the thing or not?" (Winner, 1980, p.127) and the second being an if-yes-then-how question:
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What specific features in the design or arrangement of a technical system should be im-
plemented? He adds that the first choice can already affect the second, because there are
inherently political artifacts that require or are strongly compatible with certain social and
political conditions: "Taking the most obvious example, the atom bomb is an inherently
political artifact. As long as it exists at all, its lethal properties demand that it be con-
trolled by a centralized, rigidly hierarchical chain of command closed to all influences that
might make its workings unpredictable. The internal social system of the bomb must be
authoritarian; there is no other way" (Winner, 1980, p.131).
Winners article is a "remarkable success story": It "has been quoted innumerable
times in social studies of technology and planning" (Joerges, 1997, p. 5), even though his
parable about the bridges of Robert Moses has been shown to be more of a convenient
interpretation than an historically accurate account (Joerges, 1999, 1997).
Joerges (1997) argues, that Winners article is in itself an “artifact of politics”, because
Winner seems to be interested in showing that artifacts embody politics and in delivering the
moral message that thus using artifacts represents political action. He sees Winners bridge
parable in the tradition of control theories (along with classical political theory, institutional
theory, and early cybernetics) and contrasts them with contingency theories, where “social
disorder and order are not seen as the product of planful, intentional action, but as the
result of a conjunction of consequences of action. ... The great models are: evolutionary
theory, chaos theory, and theories of self-organization" (Joerges, 1999, p. 17).
Joerges (1999, p. 18f) himself offers a third view, a “middle road between the two
Cs of contingency and control, between instrumentation and unpredictable adaptation”, by
seeing artifacts as “phenomena” or “boundary objects” in the interplay of representations
and practices. In that view, artifacts themselves would not have politics, but they would
be shaped by certain practices of people and would in turn shape them, much like a path
through the grass that is frequently travelled will eventually become easier to travel on,
thus affording people to take this path rather than another. The politics then, lies in the
interplay of practice and embodiment (or representation), a view that can be subsumed un-
der “technopragmatism” (German: “Technopragmatismus”), reconciling the complementary
views of social constructivism and technological determinism (Rammert, 2007).
Rammert (2007) summarizes that technology can be seen as part of human culture,
as resource of power between people and organizations, as means of control, e.g. in manage-
ment and surveillance (see the current political debate over massive surveillance activities
of the National Security Agency, NSA), as business advantage through innovation, as dif-
ferentiator in international relations (eg. countries with and without atomic weapons), and
more. And in all these cases, "Technology are not only tools and machines constructed
by engineers, but at the same time social constructs of means and forms of working, re-
searching, communicating and living in society. They are not just technical installations of
physical material, energy and information, but at the same time materially mediated social
institutions" (Rammert, 2007, quote translated by the author).
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Ticket vending machines and public access systems
The political dimension of technology (or artifacts in general) is particularly relevant
for public access systems, such as ticket vending machines (TVM) and automated teller ma-
chines (ATM). They are similar to bridges in that they provide access to larger sociotechnical
systems that are highly relevant for its users: The ATM as a means to receive cash to buy
goods and services, the TVM as a means to (legally) access the public transport system.
They often originated as an alternative, e.g. to ticket counters and cash desks, so people
could avoid using them. But as TVMs and ATMs replace these alternatives, the ability to
use them changes from technological drift to technological imperative (Rammert, 2007), as
avoiding them becomes more difficult and could eventually restrict societal participation.
This process is not unique to public access systems, as can be seen in the case of
mobile phones that originated as an alternative to public and private landline phones and
slowly if not completely replaced them, raising questions of usability and training for less
experienced users (e.g. Bruder et al., 2013). Yet it is even more pronounced for users of
public access systems, because they usually have little or no choice (e.g. they cannot choose
to purchase a more “user-friendly” phone) and little time to learn or get used to the system
in an environment suitable for learning (thinking of the line of commuters behind their
back, eager to catch the next train). Thus the usability of public access systems (and the
discrimination from a lack thereof) becomes an increasingly pressing practical issue and an
increasingly socially relevant subject of research.
Public access systems that have received early attention include kiosks, such as multi-
media systems in museums and libraries (e.g. Hardman, 1989) Automated Teller Machines
(ATM, e.g. Rogers, Cabrera, et al. (1996), Rogers, Fisk, et al. (1996), Rogers & Fisk
(1997)) and Ticket Vending Machines (TVM, e.g. Connell, 1998). Maguire (1999) has re-
viewed general user-interface design guidelines for public information kiosk systems, divided
into defining user requirements, location and encouraging use, physical access, introduction
and instruction, language selection, privacy, help, input (including touch screens), output
(including the use of icons and feedback), structure and navigation, and customisation.
He concludes that "The main concern in terms of user performance is whether users can
complete tasks smoothly without too many errors, rather than their speed of performance"
(Maguire, 1999, p. 15).
This dominance of effectiveness as a design goal can be considered a defining charac-
teristic of public access systems or "walk-up and use systems": Anyone should be able to
walk up to and use them successfully. While DIN EN ISO 9241 (DIN ISO, 2010) defines
effectiveness, efficiency and satisfaction as usability criteria, it also defines it not as a char-
acteristic of the technology itself, but of the interaction (see figure 2 on page 10) between
the technology (product), the user (human), his or her goal (task) and the context of use
(environment). Compared to systems used by highly trained professionals, such as airplane
pilots flying an Airbus or secretaries typing letters with their office software, public access
systems are often used by largely untrained and very diverse user groups for tasks that are
similar in nature. As point in case, there are few expert users of a TVM and most of those
who use it will be content to need five seconds more, as long as they get the desired ticket2.
2As we learned in the ALISA project however, the provider of the TVM might value efficiency more,
since for him the TVM constitutes an investment that needs to be profitable through ticket sales.
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Public transportation in Berlin The TVM of the BVG (Berliner Verkehrsbetriebe)
investigated in this thesis provides access to subway, S-Bahn, tram and bus lines covering
about 2,300 kilometres in Berlin, the capital and biggest city of Germany, home to about
3.5 million people and covering an area of about 890 km2, which is about nine times the size
of Paris. Additionally, Berlin attracts many tourists: In 2012, almost eleven million people
visited Berlin (visitBerlin, 2013). Since 1992, the City of Berlin is improving accessibility
following the slogan: “Berlin for disabled people: the city is prepared.” To honour the efforts
of Berlin, the city has been rewarded with the Access City Award 2013 on December 3rd
2012 by the vice president of the European Commission Viviane Reding. The award covers
four key areas of accessibility: built environment and public spaces, transport and related
infrastructure, information and communication (including new technologies) and public fa-
cilities and services (European Commission, 2013; Senatsverwaltung für Stadtentwicklung
und Umwelt - Berlin, 2012). To achieve successful use for the widest possible user group is
the goal of design philosophies such as Design for All (DfA) and universal usability.
Universal design, access and usability
“In a fair society, all individuals would have equal opportunity to participate in,
or benefit from, the use of computer resources regardless of race, sex, religion,
age, disability, national origin or other such similar factors.” – ACM Code of
Ethics3
The goal of successful use for the widest possible user group is shared by many institutions
and design philosophies, carrying different names and varying perspectives that can be
subsumed under three broad categories: design, access and use. Some of them shall be
described here briefly.
Design. In the design category, three representatives will be introduced, starting with
“Design for All”, a term with roots in the 1950s and predominantly used in Europe, followed
by “Universal Design” a similar term mainly used in the USA and Japan and “Inclusive
Design” often considered to be a more practical approach.
“Design for All” has been an important issue before the widespread use of ICT
(Information and Communication Technologies), with roots in Scandinavian functionalism
of the 1950s and in ergonomic design of the 1960s. The European Institute for Design and
Disability (EIDD4) developed their mission statement “Enhancing the quality of life through
Design for All” soon after its establishment in 1993 and issued the “Stockholm Declaration”
in 2004, summarizing the goal of Design for All as follows:
"Across Europe, human diversity in age, culture and ability is greater than
ever. We now survive illness and injury and live with disability as never before.
Although today’s world is a complex place, it is one of our own making, one
in which we therefore have the possibility – and the responsibility – to base our
designs on the principle of inclusion. Design for All is design for human diversity,
social inclusion and equality. This holistic and innovative approach constitutes a
3http://www.acm.org/about/code-of-ethics
4www.designforalleurope.org
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creative and ethical challenge for all planners, designers, entrepreneurs, admin-
istrators and political leaders..." (EIDD, 2004)
One year later, the International Conference “Culture for All”, held in Berlin in May 2005,
referred to "the significance of Design for All as a tool for achieving a thriving society based
on human diversity, social inclusion and equality and reiterating the principles enshrined
in EIDD Stockholm Declaration, adopted on 9 May 2004” and to "the right proclaimed in
Article 27.1 of the Universal Declaration of Human Rights, 1948, which reads:
“Everyone has the right freely to participate in the cultural life of the community,
to enjoy the arts and to share in scientific advancement and its benefits” (EIDD,
2005).
“Universal Design” is a term very similar to “DfA” that is mainly used in the USA and
Japan. It originated in architecture, coined by Ron Mace in the 1970s, and is described as
“the process of creating products (devices, environments, systems, and processes)
which are usable by people with the widest possible range of abilities, operating
within the widest possible range of situations (environments, conditions, and
circumsfances), as is commercially practical” (Vanderheiden & Tobias, 2000, p.
6-19).
Similarly, the “United Nations Convention on the Rights of Persons with Disabilities” de-
fines “Universal Design” as the “design of products, environments, programs and services to
be usable by all people, to the greatest extent possible, without the need for adaptation
or specialised design” (United Nations, 2006)5. Vanderheiden & Tobias (2000, p. 6-19)
differentiate two major components of “Universal Design”:
1. “Designing products so that they are flexible enough that they can be directly used
(without requiring any assistive technologies or modifications) by people with the widest
range of abilities and circumstances as is commercially practical given current materials,
technologies and knowledge” and
2. “Designing products so that they are compatible with the assistive technologies that
might be used by those who cannot efficiently access and use the products directly.”
They conclude from their own research that of the “many factors affecting a company’s choice
to adopt universal design, only two seem to have any permanent or lasting effect. The first
is regulation... The second major factor is high profit.” (Vanderheiden & Tobias, 2000, p. 6-
21). This finding was confirmed by Dong et al. (2003) who found that “designers are reluctant
to sacrifice the aesthetics of the brand to design for inclusion, but nevertheless would like to
have practical tools to help them develop more inclusive solutions. For manufacturers, the
key motivation for such practices is that of government regulation and legislation requiring
the accessibility of products and services” (Dong et al., 2003, p.1).
Such government regulation could be based on grounds analogue to the “duty of care”
for product liability, which was established on the case of Donoghue v Stevenson (UKHL
100, AC 562, 1932). Where May Donoghue had found a decomposed snail in the bottle
from which she had just drank ginger beer in 1928, today many users find that public access
systems they are obliged to use, such as TVMs, produce frustration rather than the desired
5http://www.un.org/disabilities/convention/conventionfull.shtml
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tickets. Yet just like people drinking beer should be able to trust the manufacturer that
there is no snail on the bottom of the bottle, people using public access systems should
be able to trust the provider of these systems that they are carefully designed to match
their needs and capabilities. It may be acceptable to sell mobile phones that can only be
used successfully by 50% of potential users, but for public access systems such success rates
should be deemed unacceptable. Thus, just as Sir David Terrence Puttnam has asked in a
TED Talk in Febuary 2014: Does the media have a "duty of care"?, this raises the question:
Do designers / providers of TVM have a “duty of care”? This question has already been
answered affirmatively for other salient ICT, such as the Internet (Van Eijk et al., 2010).
“Inclusive Design” is defined by the British Standards Institute (BSI) as “The design
of mainstream products and/or services that are accessible to, and usable by, as many people
as reasonably possible ... without the need for special adaptation or specialized design” (BSI,
2005). It shares the theme of making “mainstream products as accessible as possible to as
many potential users as possible”, yet recognizes that “it is virtually impossible to design
even a simple product that absolutely everyone can use” (Keates, 2007, p.14), appealing
to some who critisize that Design for All and Universal Design may be too idealistic for
practical purposes.
Access. Successful use requires access to technology, a fact that has already been
acknowledged in the US telecommunications act of 1934 stating its goal
“... to make available, so far as possible, to all the people of the United States,
without discrimination on the basis of race, color, religion, national origin, or sex,
a rapid, efficient, Nation-wide, and world-wide wire and radio communication
service with adequate facilities at reasonable charges...” (US-Congress 1934, p.
1).
Access continues to be an important issue, as can be seen in its 2012 amendment (Congress,
2013) and current examples such as the “One laptop per child” program6, trying to provide
children in less developed regions with access to ICT, acknowledging its importance for
education and empowerment: "Education is the great engine of personal development"
(Nelson Rolihlahla Mandela, 1994).
While access in that sense is not so much an issue for TVM or other public access
technology, the term “access” has also been used in a much wider sense. In his book "Design-
ing for Accessibility”, Keates (2007, p.5) argues that the “product will have been designed
to meet the demands of the task. However, the product itself will have it’s own set of
demands that it places on the user. . . . if those demands exceed the user’s capabilities,
then the product is inaccessible and the user will not be able to perform the task." Fig-
ure 2 illustrates these interactions between the human, the task and the product and their
respective capabilities and demands, based on Keates simplified version of the CREATE7
Model of Aging and Technology that integrates user capabilities (cognitive, motor, percep-
tual, physical), task demands and technology demands in a triangular matching problem
and provides a basis for fruitful research of the CREATE Group (Czaja et al., 2001) and
6http://one.laptop.org
7Center for Research and Education on Aging and Technology Enhancement, http://create-
center.gatech.edu
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Figure 2. Map of interactions when using a product to accomplish a task (Figure based on Simeon
Keates, 2007, p.6 and the CREATE Model of Aging and Technology, see Rogers & Fisk 2010)
others. It has been adopted widely to map the possible interactions when designing for the
broadest possible range of users.
In this view, a product that is not usable becomes inaccessible, placing the concept of
accessibility very close to the usability definition. Yet its focus on user capabilities directs
attention to people with disabilities: According to the International Classification of Impair-
ments, Disabilities and Handicaps (ICIDH) of the World Health Organisation, disability has
been defined as "any restriction or lack (resulting from an impairment) of ability to perform
an activity in the manner or within the range considered normal for a human being" (WHO,
1980, 2001). Keates (2007) describes a model of disability in which desease, aging or acci-
dents can lead to functional impairment, which can in turn lead to disability and concludes
that “accessible design is good design”, for ethical and economic reasons. However, universal
access may be necessary but not sufficient.
Usability. ”Universal Usability is the concept of designing computer interfaces that
are easy for all users to utilize” (Lazar, 2007). In two articles published in quick succession,
Shneiderman (1999) asks: “How can information and communications services be made
usable for every citizen? Designing for experienced frequent users is difficult enough, but
designing for a broad audience of unskilled users is a far greater challenge”. He argues that
accessibility is an important prerequisite, yet access does not suffice. While in 1934 there
was concern of discrimination for having a telephone, today there is growing concern of not
being able to use it.
Thus he calls for “universal usability” as design goal and argues that: „The term
universal access has been applied to computing services, but the greater complexity of com-
puting services means that access is not sufficient to ensure successful usage. Therefore
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universal usability has emerged as an important issue and a topic for computing research“
(Shneiderman, 1999; 2000, p.86). Shneiderman identifies three major challenges for univer-
sal usability: (1) technology variety (hard- & software), (2) user diversity (skill, knowledge,
age, gender, disabilities, literacy, culture, income), and (3) gaps in user knowledge (what
they know and what they need to know).
These gaps can be filled from two sides: While the user always has to learn to use a
new technology successfully (unless there was something like "intuitive" use), the designer
can support the user a) in the learning process (teach) and b) by reducing the amount
of knowledge needed by the user (design). These two approaches have been investigated
separately in this thesis, with an instructional video representing the teaching and a wizard
representing the design approach. For practical applications, they can be combined to
achieve the best results.
Shneiderman also suggests a criterion for universal usability that might be a good
benchmark for public access systems such as the TVM investigated: “We can define universal
usability as having more than 90% of all households as successful users of information and
communications services at least once a week” (Shneiderman, 1999).
To summarize, there seems to be substantial overlap between the different terminol-
ogy used. For example, the book “Universal Usability” edited by Jonathan Lazar (2007),
subtitled “Designing Computer Interfaces for Diverse Users” contains a chapter on “The
Why and How of Senior-Focused Design”, but also on children and vison impaired or blind
users, or those with down syndrome or autism, which one might equally expect in a book
on accessibility or Universal Design.
For this thesis, there seems to be no benefit in favoring one over the other. In fact,
access, design and usability are seen as belonging together and the terms “for all”, universal
and inclusive as sharing the goal of “successful use for the widest possible user group”. Thus,
when focusing on usability aspects of the TVM, the term “universal usability” will be used
and when focusing on design issues, the term “inclusive design” will be used, knowing full
well that other terms might be equally suited.
Aging population
The aging population is currently a major concern for many countries, including Ger-
many (United Nations 2010). A common indicator used by the United Nations is the number
of people aged 60 years or over and their proportion of the total population (see Figure 3).
In 2012, there were 810 million people aged 60 years or over in the world and
“this number is projected to grow to more than 2 billion by 2050. At that
point, older persons will outnumber the population of children (0-14 years) for
the first time in human history. Asia has more than half (55 per cent) of the
world’s older persons, followed by Europe, which accounts for 21 per cent of the
total. . .
One out of every nine persons in the world is aged 60 years or over. By
2050, one out of every five persons is projected to be in that age group. The
proportion of the total population that is 60 years or older is much higher in the
more developed regions than in the less developed regions: one in five persons in
Europe; one in nine persons in Asia and Latin America and the Caribbean; and
one in 16 persons in Africa” (United Nations 2012).
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Figure 3. Percentage of the total population aged 60 years or over in 2012 (left) and 2050 (right),
Figure taken from United Nations (2012)
Figure 4. Age distribution of the world’s population in the less (above) and more developed regions
(below) for the years 1970 (left), 2010 (middle) and 2050 (right), Figure taken from United Nations
(2012)
Figure 4 shows the age distribution of the world’s population, separated in the less
and more developed regions for the years 1970, 2010 and 2050. The population pyramids
show the transition from the triangular shape to a more rectangular shape, associated with
an older age structure (United Nations 2012). Comparing the four cohort sizes of 20 years
(under 20, 20 to 39, 40 to 59 and above 60), the oldest cohort is projected to outnumber all
others by 2070 worldwide and already by 2025 in the more developed countries (see Fig. 5,
United Nations 2012).
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Figure 5. Population by 20-year-cohorts, worldwide (left), for more (middle) and less (right) de-
veloped regions, Figure taken from United Nations (2012)
Aging and technology use
Thou hast nor youth nor age
But as it were an after dinner sleep
Dreaming of both
from “Measure for Measure” by William Shakespeare
The demographic change underscores the public interest currently invested in the is-
sue of aging as an important challenge for society, effecting the entire world. Concurrently,
the rapid development of ICT (Moore’s Law, Moore, 2006, 1965) has made ICT virtually
ubiquitous, creating wonderful new opportunities as well as tremendous challenges for its
users. Mark Weiser, one of the pioneers in the field who coined the term “ubiquitous comput-
ing”, envisioned that one day “machines that fit the human environment, instead of forcing
humans to enter theirs, will make using a computer as refreshing as taking a walk in the
woods” (Weiser, 1991, p. 104).
However, many older users still experience ICT very differently. Even if computers are
integrated in everyday life like water is for the fish, computers are still often alien to them
and a source of frustration and avoidance. Yet, older adults are increasingly confronted with
ICT, not just in public access systems. And they could benefit from using it, perhaps as
much as or even more than younger adults. Aging and technology could be friends, not foes,
as Nehmer et al. (2010) put it, yet that requires deliberate action from designers of such
systems to accomodate their needs and capabilities.
One major application promising great benefits for older adults is the Internet (e.g.
see Hanson, 2009). Its use shares some characteristics with TVM use, as it provides access
to a large infrastructure and most websites are not used often, resulting in mostly novice
users of the individual website with a very diverse range of prior experience. And Internet
use is steadily increasing. Current data from the Pew research report 2014 on “Older adults
and technology use” (A. Smith, 2014) indicates that Internet use for users aged 65+ has
increased by about a 20% since 2010, now reaching 59%, even if still trailing the 86% of
adults in general (see Fig. 6, left). Within the age group 65+, Internet use drops off
quickly as age increases (see Fig. 6, right). Such numbers illustrate the importance of the
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Figure 6. Internet adoption over time for all adults and those aged 65+ (left) and Internet use
within the age group 65+ (right), figures taken from A. Smith (2014)
subject “Aging and technology use”, yet to understand the subject and make suggestions for
improvements, we must turn to the individual perspective.
From the perspective of the individual, aging is very personal and most people don’t
feel old or consider themselves to be. Hertzog et al. (2009, p. 3) report of a friend telling
them that her 80-year-old grandmother dismissed the idea of living in an intermediate care
facility saying: “Honey, I’m not old yet!” The very idea of aging evokes questions and themes
of profound interest for most people, such as questions of life and death. Where do I come
from? Where do I go? Why am I here and when will it all end? How do I maintain a
good life for as long as possible? Even though aging has been studied extensively, it remains
“one of the most inherently complex phenomena of the human sciences”, as Birren (1999)
put it, fifty years after he published his first gerontological paper (Schaie & Willis, 2010).
Therefore, only a few key topics immediately relevant for this thesis can be described here.
For a comprehensive overview on the psychology of aging, Schaie & Willis (2010) can provide
a good starting point. One key concept in aging research is that aging should be seen as a
process rather than a status, a view central to so called “Life-span research on development
and aging” (Schaie & Willis, 2010; P. B. Baltes, 1973).
Selection, Optimization and Compensation (SOC)
I shall be telling this with a sigh
Somewhere ages and ages hence:
Two roads diverged in a wood, and I–
I took the one less traveled by,
And that has made all the difference.
from “The Road Not Taken” by Robert Frost
One of the core research questions on aging is, how people can maintain personal functioning,
well-being and development over the life span despite steady loss of resources (B. B. Baltes
& Dickson, 2001). SOC is the name of a meta-model within life-span research, providing a
USER CHARACTERISTICS AND THE EFFECTIVENESS OF INCLUSIVE DESIGN 15
general framework that can represent the dynamics between developmental gains and losses
across the life span (Riediger et al., 2006; P. B. Baltes & Baltes, 1990, 1989).
It starts with the premise that human resources are always limited, necessitating se-
lection from alternatives throughout life. Such selections can be elective in response to new
demands or tasks (e.g. choosing a major to study), or loss-based when resources are lost or
expected to decrease (e.g. choosing to give up football after repeated injuries). Optimiza-
tion improves efficiency of resource investment to increase functional levels (e.g. practicing
piano). Compensation maintains a given level of functioning despite loss of resources (e.g.
using a hearing aid). These three adaptive behaviors are part of every developmental process
and their effective interplay is the hallmark of “adaptive development”, defined by balancing
the minimization of losses that impair effective functioning and the maximization of gains
that promote growth and maintenance.
As a meta-model, SOC can have diverse applications. B. B. Baltes & Dickson (2001)
provide examples for three areas of industrial-organizational psychology: work–family con-
flict, leadership, and organization-level functioning. And SOC can also be applied to uni-
versal usability and designing for older adults on at least two levels.
On a motivational level, it is important to acknowledge that it is a functional adap-
tation to reduce exploration of new technologies in old age and to concentrate on famil-
iar things. This view is also consistent with “Socio-emotional Selectivity Theory” (SST;
Carstensen, 1993; 1995) predicting that people’s future time perspective (e.g. remaining
time until death) impacts the prioritization of goals and motives. If the future time perspec-
tive is rather open ended, goals of learning and individual growth (“information seeking”)
are more important, if it is rather limited, goals of present psychological well-being (“emo-
tion regulation”) are more salient (Riediger et al., 2006; Carstensen, 1995). Thus in general,
younger people will always embrace new technologies more than older people.
On a practical support level, SOC-strategies can be used to guide the development of
new technologies. Selection could be used to reduce the number of functions. Optimization
could be supported through training programs for important ICT interactions (e.g. Struve
& Wandke, 2009; Hickman et al., 2007). Compensation could guide the design of the user
interface to (a) reduce the technology demands on the user and (b) provide necessary capa-
bilities (e.g. knowledge) in the context of use. This thesis follows an external compensation
approach by (a) reducing the computer literacy necessary for successful interaction through
a wizard-redesign and by (b) providing necessary computer literacy through a minimal video
instruction.
Age differences and cohort differences
Age differences are well known in folklore. Wandke et al. (2012) discuss some popular
myths including ability and motivational aspects and some that viciously suggest that the
problem of designing for older adults will solve itself, because future generations of older
people will be able to use new technology without problems. Since such myths have the
power to be self-fulfilling, research is obliged to provide the facts to confront them, if ICT-
developers are to be held accountable to make ICT universally usable. After all, not only
ICT-developers suffer from age stereotypes. Staufer (1992) found in interviews with white
collar workers in German companies, that age stereotypes are common and accepted by
older workers themselves. Even if older adults knew as much as younger adults about IT,
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Figure 7. Prevalence of multiple capability losses for people aged 16+ (left) and 65+ (right). Figure
taken from Dong et al. (2003, p.8)
they felt „less knowledgable“ (Marquie et al., 2002) and older workers (aged 55+) believed
significantly more often than younger colleagues that they themselves were to blame for
computer trouble (Gertler et al., 1999).
Age differences. Undeniably, besides the motivational differences following functional
adaptation described above (SOC), there are also age related changes in cognitive abilities
that have an impact on the ability to interact with ICT (Schaie, 1996; Schaie & Willis, 2010).
Czaja (1996) provides an overview of such changes, mainly addressing slower processing
speed, decline in working memory and less efficient encoding and their impact on computer
training and interface design. More detailed information on changes regarding executive
function, structural changes to the brain, neuroplasticity and memory etc. can be found in
Schaie & Willis (2010).
When designing for older adults, one should be careful not to equate aging with
disbility: Not all older adults have disabilities and not all disabled people are old. In fact,
one in six adults has a disability, with numbers increasing with age and minor losses can have
a cumulative effect, that is they can combine to limit capabilities as much as more severe
impairments (Keates, 2007, p.19). Figure 7 shows the prevalence of multiple capability losses
for people aged 16+ (left) and 65+ (right) in a Venn diagram.
Cognitive resources can be conceptualized as functional capacity created by the inter-
action between cognitive-processing efficiency and task-relevant knowledge (Hertzog et al.,
2009; Ericsson & Kintsch, 1995). While it is the goal of individuals of all ages to maintain
functional capacity over the life course, this becomes increasingly challenging with high age.
Figure 8 (left) shows the zone of possible cognitive development across adult life for a given
individual. The gray area indicates the range of possible cognitive function, with the arrows
pointing to the upper and lower boundaries that define the range at any given age (plasticity)
and the dots between them indicating the actual development. Up and down movements are
influenced by biological, behavioral, and environmental factors and the functional threshold
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Figure 8. Zone of possible cognitive development across adult life for a given individual (left), along
with four developmental curves (A - D) indicating specific possible outcomes (right). Figures taken
from Hertzog et al. (2009, p. 5 and 8)
indicates a point at which goal-directed cognition in the ecology (e.g. necessary for indepen-
dent living or for use of a specific technology) will be compromised (Hertzog et al., 2009, p.
5). This threshold is not fixed but depends in turn on the requirements (e.g. for independent
living or technology use), that we co-create in our social and physical environment.
Figure 8 (right) shows four developmental curves (A - D) starting from the same
functional level at age 20, indicating specific possible developmental trajectories (Hertzog et
al., 2009, p. 8). Biological aging will reduce the maximum achievable level of performance
because it leads to less effective or efficient execution of cognitive, perceptual, and sensory
aspects of information processing in the brain (Hertzog et al., 2009; Schaie & Willis, 2010),
yet the individual has some control over the actual developmental trajectory. Stine-Morrow
(2007, p. 296) illustrates this in her “Dumbledore hypothesis of cognitive aging” with the
Hogwarts headmaster Albus Dumbledore reminding Harry Potter that “It is our choices . .
. that show what we truly are, far more than our abilities” (Rowling, 1999, p. 333), arguing
that it is “our pattern of choice to engage intellectual challenge that contributes to cognitive
vitality, far more than the senescence process.” Curve C in figure 8 could illustrate the
“cognitive enrichment effect” of such an intellectually challenging intervention around age 60
(Hertzog et al., 2009, p. 8). As Hertzog et al. (2009, p. 1)emphasize: “Individuals influence
whether they function in the higher or lower ranges of this zone by engaging in or refraining
from beneficial intellectual, physical, and social activities”.
Technology use can be an important source of cognitive enrichment for older adults,
(a) directly through challenging interaction with the technology itself (either as an inevitable
byproduct e.g. with smart phones or TVM use or desirable in itself as in computer-based
cognitive training programs (e.g. Schmiedek et al., 2010) and games for seniors (Jung et al.,
2009; Nap et al., 2009; Whitcomb & Whitcomb, 1990)) and (b) indirectly by extending the
scope of possible actions that improve social participation and activity in general (e.g. by
providing access to information through the Internet and to mobility services through public
transportation / TVM).
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Figure 9. Twentieth-Century technology in the USA with generational birth cohorts of baby
boomers, generation X and millenials (generation Y). Figure based on Norris (2003, p. 33)
Cohort differences. Since most older users of public transportation TVMs and other
public access systems are still independent and healthy adults well above the functional
threshold, for this user group, other factors related to age require particular interest, so
called generational cohort factors. Ryder (1965, p. 845) defined a cohort "as the aggregate
of individuals (within some population definition) who experienced the same event within
the same interval". While this can be any event, most often this event is birth, resulting
in a “birth cohort”. "Successive cohorts are differentiated by changing content of formal
education, by peer-group socialization, and by idiosyncratic historical experience" Ryder
(1965, p. 843). If the interval spans a whole generation, the term “generational cohort” is
used.
The term generation generally refers to one reproductive cycle, spanning the age
difference between parents and their children. While this was typically estimated to be
30 years, on average, age differences between fathers and their children are bigger than for
mothers. In 1923, Karl Mannheim argued for social generations as cohorts of people who
were born in the same date range and share similar cultural experiences (Mannheim, 1923;
Pilcher, 1994). Today, this concept of social generations has become part of popular culture.
The older adults of interest in this thesis are aged 60 years or older and often categorized
as the “baby boomer” generation. The baby boomers were born right after World War II,
between the years 1946 and 1964, and began turning 60 in 2006. By 2029, all baby boomers
will be 65 years and over, constituting more than 20 percent of the total U.S. population
(Colby & Ortman, 2014).
For the baby boomer generation, generational cohort differences may have a bigger
impact on their ability to use ICT (and the TVM in particular) than age differences, for
they grew up prior to widespread use of computers. The first computationally universal
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computer, called Zuse Z3, was built in 1941 by Konrad Zuse in Berlin, but most people did
not use computers on a regular basis before the introduction of personal computers. Two
events further popularized ICT use: (1) The introduction of the graphical user interface
(GUI) in the Xerox Alto in 1973 that inspired the first mass-market personal computer
featuring an integral graphical user interface and mouse, the Apple Macintosh in 1984 and
the graphical interface operating system called Windows, released by Microsoft in 1985 and
(2) The invention of the WWW by Tim Berners-Lee (CERN) in 1989 and the addition of
a graphical browser called Mosaic in 1993 (Norris, 2003). Figure 9 shows the baby boomer
generation birth cohort and the following generations X and Y superimposed on a graph
visualizing the prevalence of common technology in the United States in the 20th century
(Norris, 2003, p. 33). It reveals that baby boomers were born in the age of telephone, radio
and TV, and only after the last baby boomers had reached their 20s, personal computers
slowly became more popular.
Compared to later generations, the baby boomers had less opportunity to interact
with computers and acquire interaction knowledge or "computer literacy" when they were
young - and they still make less use of ICT today. In the year 2000, 3950 people from
five European countries (Finland, Germany, Hungary, Italy, Netherlands) aged 55 and over
were asked about their use of new technology in the Mobilate survey. 66% reported to use
an ATM, which was the highest number, followed by 37% for the ticket vending machine
(TVM), 32% for the mobile phone, 8% for Internet and 4% for Telebanking (Tacken et al.,
2005). Zickuhr & Madden (2012, p. 2) report data based on telephone interviews in the
United States (N = 2254 adults, age 18 and older), showing that as of April 2012 „for the
first time, half of adults ages 65 and older are online“. While this marks a promising 10%
gain compared to data of April 2011, younger cohorts have reached far higher values, namely
77% for those aged 50-64, 91% for those aged 30-49 and 97% for those aged 18-29.
Selwyn et al. (2003) report results from a sub-sample of 352 adults aged 60+ years
taken from a large (N=1001) household survey of ICT use in England and Wales, including
Level of access to computers by social and health characteristics and frequency of computer
and Internet use in the last 12 months. They conclude that „Older adults’ computer use
mainly takes place at home, and where support is available it is mainly from the immediate
household and relatives“ and point out that „Having access to ICT is not however the
same as using it.“ - While 83% of the sample had some access to computers, only 22%
reported having used a computer during the previous 12 months (Selwyn et al., 2003, p.
572). In a study by Mitzner et al. (2010), 18 focus groups with a total of 113 older adults
discussed their use of and attitudes about technology in the context of their home, work, and
healthcare. The mean number of technology items reported in each focus group and the most
frequent technologies discussed in each domain were: for home (19 items) = computer (13%),
microwave (12%), cellular phone (11%), for work (13 items) = computer (19%), fax (14%),
telephone (13%) and for health (7 items) = blood glucose monitor (17%), blood pressure
monitor (16%), telephone (15%). Overall, positive attitudes (most likes for "support for
activities") outnumbered negative attitudes (most dislikes for "inconveniences" = "making
life harder in some way") and „results contradict stereotypes that older adults are afraid or
unwilling to use technology“ (Mitzner et al., 2010, p. 1710).
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Age related user characteristics chosen as control variables. As Rogers & Fisk (2010)
point out: “Chronological age may be predictive of usage patterns, difficulties, or preferences,
but it is not an explanatory variable—it does not explain why the differences occur.” There
are a variety of age related user characteristics expected to have an impact on ICT use from
the literature (e.g. Czaja et al., 2006; Charness, 2009; Fisk et al., 2009) and prior studies
within the ALISA project (e.g. Butenhof, 2006; Struve et al., 2006; Sengpiel et al., 2008)
and six were selected as control variables in the studies reported in this thesis to see if
they can explain age differences found in usability criteria for TVM interaction better than
chronological age itself.
Two of them measure aspects of fluid intelligence known to be effected by biological
aging: the Digit Symbol-Coding task of the Wechsler Adult Intelligence Scale (WAIS DSC,
Wechsler, 1955) measuring information processing speed and attention, and the subscale
“reasoning” of the “performance test system 50+” (German: “Leistungsprüfsystem 50+” =
LPS 50+, Horn, 1983). Even though it is not directly related to TVM or computer use,
intelligence has an impact on its (successful) use as it has on problem solving as a “general
factor”. As Czaja et al. (2006) have shown, there is a strong relationship between fluid
and crystallized intelligence (β=.89) and between age and fluid (β=-.66) and crystallized
(β=.76) intelligence, yet fluid intelligence has a far stronger impact on the use of technology
(β=.32) than crystallized intelligence. The other four control variables are directly related to
computer use and cohort effects, measuring control beliefs in the interaction with technology
(KUT, Beier, 1999), computer anxiety (CATS, Gaudron & Vignoli, 2002), attitude towards
ticket vending machines (ATT) and computer literacy (CLS, Sengpiel & Dittberner, 2008).
They will be described briefly in the method section, with a special focus on computer
literacy because it was expected to be the best predictor of TVM use.
Research questions and study overview
Fortunately, there is a large body of research available to aid in the development of
universally usable products, especially with a focus on older adults. Rogers & Fisk (2010)
provide an overview of psychological research on ICT design for older adults, identifying
three facets: 1) usability issues with current technologies like input devices, computers,
Internet, mobile phones, ATMs etc. 2) adequacy of training and instruction materials and
3) understanding the needs and requirements of older adults as foundation for improvement
and development of new technologies. Acknowledging that „The literature on the psychology
of aging provides much guidance for design—the challenge is in the translation.“ (Rogers
& Fisk, 2010, p. 646), they provide such a translation with a comprehensive selection of
research and guidelines for system designers in their book „Designing for older adults“ (Fisk
et al., 2009).
This thesis uses such translations to answer four related research questions:
1. To what degree is successful TVM use determined by age related user characteristics
rather than by age itself? This seems important, because chronological age cannot be
changed, but age related user characteristics can be accomodated through good design and
knowing which characteristics have a bigger impact might help with design decisions. This
leads to the second question.
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Figure 10. CREATE model of aging and technology. Figure taken from Rogers & Fisk (2010, p.
647)
2. Is computer literacy an important predictor of successful use, even with a relatively
simple ticket vending machine? These two questions are the focus of the article “Too old to
use IT? User characteristics and the effectiveness of inclusive design” (Sengpiel, in pressb).
3. How can the usability of a given TVM be improved so that it becomes universally
usable for older adults? Given the importance of computer literacy for successful TVM
interaction, in principle, designers have two choices: they can teach the user the necessary
interaction knowledge, or they can design the machine to require less computer literacy for
successful use, bringing it closer to the goal of universal usability.
4. How can both design choices, teach and design, be compared regarding cost and
benefit for the example of a TVM? Is the required cost reasonable given the benefits to
be achieved? This question seems very relevant for the propagation of universal usability
efforts, in particular if small changes prove to have a substantial effect on usability for older
adults. Questions three and four are the focus of the article “Teach or design? How older
adults’ use of ticket vending machines could be more effective" (Sengpiel, in pressa). The
third article "Compensating the effects of age differences in computer literacy on the use
of ticket vending machines through minimal video instruction" (Sengpiel & Wandke, 2010)
compares only video instruction and original BVG TVM (N=83), yet focuses already on the
effect of computer literacy on successful TVM use, paving the way for the other two articles.
To answer these questions, the studies described in this thesis follows a quasi experi-
mental research design (Schaie, 1977), focusing on successful use of a TVM by older adults.
Starting from the CREATE model of aging and technology (see Fig. 10) they concentrate on
the cognitive demands of the technological system and compare three TVM designs (Original
BVG, Video, Wizard) regarding the usability criteria effectiveness, efficiency and satisfac-
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Figure 11. Study overview
tion according to EN ISO 9241-11 (1998). Age as well as six cognitive and motivational user
characteristics relevant for technology use have been measured as control variables, while
task and environmental characteristics were held constant. Figure 11 provides an overview
of the studies8.
8Note that in this study task and environment (see Fig. 10 & 2) were held constant for the comparison.
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Table 1: Number of participants in the age and experimental groups
N young old sum
control 20 18 38
video 21 19 40
wizard 20 20 40
sum 61 57 118
Figure 12. Screenshots of the simulated ticket vending machine
Method
Research design and procedure
Participants were recruited in two age groups with a total of n=62 older adults
(M=68.2 years, SD=4.8, 35 female, 27 male) and n=62 younger adults (M=24.5 years,
SD=4.14, 29 female, 33 male). Participants from the two age groups were evenly assigned
to the three experimental conditions with a target group size of 20, resulting in a two (age-
group: young / old) by three (experimental condition: control, video, wizard) factorial
design. Figure 11 provides an overview of the studies. Six of the participants produced
incomplete data sets (missing data mostly due to unfinished tasks) and were excluded from
the MANOVA as main statistical analysis resulting in group sizes shown in Table 1.
Participants in the control condition used a simulated TVM of the BVG (Berlin Public
Transportation) to solve eleven tasks in which they had to select tickets for purchase. The
TVM was built in Squeak/Smalltalk (see A. Black et al. (2009) for an introduction) and
presented on a 19” touch screen monitor to resemble the original as close as possible (see
Fig. 12).
The eleven tasks described one or more tickets to be selected with the TVM (e.g.
„Please purchase a single ticket for Berlin ABC, reduced fare“, see a complete list of tasks
in Table E4) and ended by pressing a “purchase now” button that was added to replace
the actual payment process. All tasks were realistic and solvable. They were presented in
fixed order and varied in difficulty, beginning easy for motivational reasons. The test session
began with a practice task (task 0) that was not used to measure results. The investigator
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Figure 13. Frequencies of correctly solved tasks for the younger and older control group
Figure 14. Screenshots of the minimal video instruction
provided the necessary domain knowledge (e.g. “What does Berlin ABC mean?”) in the
instruction before the tasks and the tasks explicitly named the required tickets. A task
counted as correctly solved only if exactly the required tickets were chosen. On average, the
younger group solved 84% and the older group 52% of them correctly. Fig. 13 shows the
frequency of correctly solved tasks in the order they were presented. The whole experiment
lasted about 60-90 minutes, with the fixed task section embedded in questionnaires and
interviews. Participants received 10€ compensation.
Minimal video instruction
In the video condition, participants used the same simulated TVM as in the control
condition. However, immediately before solving the same eleven tasks, participants saw a
short (2:37 min) instructional video, in which a narrators voice provided basic interaction
knowledge for the use of the ticket vending machine and pointed with his finger on the
graphical user interface (GUI). In the video, all ticket button descriptions had been removed
from the GUI to avoid teaching domain knowledge along with the interaction knowledge.
The video instructed on six main points:
1. Yellow buttons can be pushed and turn green when activated, grayed out buttons
are currently disabled.
2. The white bar on the right contains a button to go one step back and one to start
over (red).
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Figure 15. Prototypes (above) and screenshots (below) of the wizard-GUI of the TVM
3. If there are more buttons than fit on the screen at once, arrow buttons appear that
toggle to the others (even though they appear to be „scrolling buttons“, their function is
rather to turn the page).
4. There is a shopping cart function („Warenkorb“) that shows the tickets already
selected.9
5. To remove tickets from the shopping cart, one needs to press the x-button on the
right.
6. At the end there is a pay now („Jetzt bezahlen“) button that replaces the pay-
ment process found in the real TVM (this button was the only one in the video bearing a
description)
The video finished with the same image it had started with so it could be looped. Partici-
pants were instructed to touch the screen to stop the video and start with the tasks when
they saw fit. The video was scripted and filmed at the Computer and Media Service of
Humboldt-University Berlin with the aid of Laura Felten (diploma thesis) and Jörg Schulze
(video expert). Figure 14 shows screenshots from the video instruction, the whole video can
be found on the CD accompanying this thesis.
Wizard redesign
In the wizard condition, participants received no video instruction and solved the same
tasks using a different Graphical User Interface (GUI) that had been designed applying gen-
eral and inclusive design principles (Carroll, 1997; Rosson & Carroll, 2002; Fisk et al., 2009;
Dreyfuss, 2003, 1955) to require less computer literacy for successful use. For that purpose,
the user’s task of purchasing a ticket was analyzed and taken as basis for a wizard design that
9This function was hard to understand for people with little Internet experience and designers might be
well advised to reconsider its use or explain it better
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Table 2: reliability of dependent variables
dependent variable # of items N Cronbach’s Alpha
effectiveness 11 124 .747
eff (time) 11 124 .911
eff (steps) 11 124 .785
satisfaction (QUIS) 13 118 .952
guides the user through the ticket selection process. The wizard does not anthropomorphize
the machine, but rather refers to a design pattern that guides the user through a complex
task by decomposing it into a set of manageable steps (Folmer & Bosch, 2003). Since people
generally know how to purchase a ticket (e.g. at the ticket counter), a second guideline in
the wizard GUI-design was to decompose the ticket selection process into four manageable
steps following main questions from the user’s perspective: Who wants to go? Where is
the destination? How long should the ticket last? How many tickets are needed? These
steps were present at the top of the screen at all times, providing orientation and quick
navigation for easy error recovery. Third, goal oriented status feedback was provided in the
shape of an actual ticket filling up with the choices made, so users could see immediately
the effect of their actions, directly on the desired object. Finally, interaction principles and
symbols that might be unknown to older users were avoided as much as possible without
compromising functionality.
After the wizard had been designed as a paper and pencil prototype (Hackos & Redish,
1998) and further visualized using OmniGraffle (see Fig. 15 and section B on page 97 in the
appendix) it was programmed as a new user interface for the same TVM simulation used
in the control and video groups in Squeak/Smalltalk and presented on the same 19” touch
screen monitor. Thus, the wizard was built to be functionally equivalent to the original
TVM and differed only in the GUI. Figure 15 shows screenshots of the wizard GUI for the
TVM simulation. Both, the simulation of the Original BVG TVM and the Wizard have
been used again in other studies, e.g. by Hurtienne et al. (2013).
Usability measures as dependent variables
To measure the impact of the video and wizard interventions, the usability crite-
ria effectiveness, efficiency and satisfaction (EN ISO 9241-11(1998), Dzida, 2001, Bevan &
Macleod, 1994) of the interaction were used. To be able to compare all dependent variables
across tasks and experimental conditions, they were transformed to percent with efficiency
based on the same overall minimum of necessary steps and times. Since the eleven tasks can
be seen as a scale measuring the latent variable, their reliability was calculated along with
the reliability of the satisfaction scale. Table 2 shows the resulting reliability values that
range between acceptable and excellent (Field, 2009, p. 709ff).
Effectiveness. A task was considered correctly solved only if exactly the described
tickets were chosen and the button „buy now“ (German: “Jetzt bezahlen”) was pushed, which
had been added to the TVM-simulation to replace the actual payment process. Effectiveness
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Table 3: Minimum number of necessary steps to solve the eleven tasks
Task 1 2 3 4 5 6 7 8 9 10 11 Total Mean
Original 3 9 7 13 13 11 8 14 9 6 8 101 9.2
Wizard 9 9 13 16 14 17 8 23 14 10 13 146 13.3
was measured as the number of correctly solved tasks (taskssolved) divided by the number
of tasks (taskstotal). Thus, an effectiveness of 50% means that participants had correctly
solved half of the tasks.
Effectiveness = taskssolvedtaskstotal ∗ 100%
Satisfaction. Satisfaction was measured as the mean score of 13 items based on the
Questionnaire for User Interface Satisfaction (QUIS) by Chin, Diehl, & Norman (1988).
QUIS reliably (Cronbach’s alpha=.94) “measures the user’s subjective rating of the human-
computer interface” (Chin et al., 1988, p.213). It was shortened and adapted to TVM use,
asking users to rate their satisfaction on a nine point bipolar scale (semantic differential)
in five applicable fields: general impression (three items), on screen presentation (three
items), logical sequence (three items), choice of words (two items) and feedback (two items).
Sengpiel (in pressa, p. 9) shows the items translated from the German version used in the
studies.
Efficiency. Efficiency was measured separately with the number of steps (button
clicks10) and the time it took to solve a task (not including the time to watch the video). This
differentiation was made because interventions were expected to influence both measures
differently. Efficiency measured in steps was measured as the minimum number of steps
necessary to solve the task (stepsnecessary) divided by the number of steps actually needed
by the user to solve the task (stepsneeded) and multiplied with effectiveness, which could be
only 1 (correctly solved) or 0 (not correctly solved) for any given task. Efficiency measured
in time was measured the same way, yet while the number of necessary interaction steps
could be counted from the ideal solution path, the necessary time was predicted as the task
execution time of a skilled user with CogTool modeling. This process is described in Sengpiel
(in pressa, p. 8). Thus, an E(steps) and E(time) of 50% means that participants had needed
twice the number of steps and twice the time necessary to correctly solve the tasks.
Efficiencysteps = Effectiveness ∗ stepsnecessarystepsneeded ∗ 100%
Efficiencytime = Effectiveness ∗ timenecessarytimeneeded ∗ 100%
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Figure 16. Minimum number of necessary steps (left) and CogTool-estimated skilled user times
(right) to solve the eleven tasks in seconds, providing the baseline for efficiency measured in steps
and time
Table 4: CogTool-estimated skilled user time estimates to solve the eleven tasks in seconds
Task 1 2 3 4 5 6 7 8 9 10 11 Total Mean
Original CogTool 5 15 12 22 23 18 13 24 15 10 13 172 16
Wizard CogTool 16 22 23 28 24 29 14 40 24 17 22 260 24
Predicting task execution time for skilled users of the UI using CogTool modeling
To provide a baseline for measuring time-efficiency, CogTool (John, Prevas, Salvucci,
& Koedinger, 2004) was used to estimate how much time a skilled user would need to solve
the eleven tasks using the original TVM and the wizard redesign. “CogTool uses a ‘cognitive
architecture’ called ACT-R . . . to simulate the cognitive, perceptual and motor behavior
of humans interacting with the prototype to accomplish tasks the UI designer has defined.
CogTool . . . reliably predicts the task execution time for skilled users of the UI” (John,
2009, p.2).
Figure 16 shows the number of necessary steps and skilled user times providing the
baseline for efficiency measures (see also table 3 and 4). Evidently, the original TVM requires
less steps for almost all tasks (M=9.2 for the original TVM and M=13.3 for the wizard),
with notable exceptions for task 2, 5 and 7. As expected, the times predicited by CogTool
follow the pattern of necessary steps. They range from five seconds for task 1 with the
Original TVM to 40 seconds for task 8 with the Wizard, with a mean of 16 seconds for the
original and 24 seconds for the wizard. Figure 17 shows screenshots from the CogTool -
software for the Original BVG GUI covering the tasks 1 - 4 and figure 18 shows the same
for the Wizard GUI covering the tasks 1-3. Arrows mark transitions from screen to screen.
Figure 19 shows CogTool results comparing task five for the original BVG and the wizard
GUI.
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Figure 17. CogTool screenshots for the Original BVG GUI covering the tasks 1 - 4. Arrows mark
transitions from screen to screen.
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Figure 18. CogTool screenshots for the Wizard GUI covering the tasks 1-3 (right). Arrows mark
transitions from screen to screen.
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Figure 19. CogTool results, example comparing task five for the original BVG and the wizard GUI
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Figure 20. Group means of Rating Scale Mental Effort (RSME) across the eleven tasks. Note that
the scale is cut off at 120 because all tasks were less than “rather taxing”, see the adapted German
rating scale used in the study on the right.
Rating Scale Mental Effort (RSME)
Mental workload is an important measure in the research and development of HCI
and ergonomics (Rubio et al., 2004). Mental workload was measured using the Rating Scale
Mental Effort (RSME) by Zijlstra and van Doorn (1985), but results were not reported in
the research articles due to space constraints. There are a variety of measures available
for mental workload - among them, NASA-TLX (Task-Load Index) and SWAT (Subjective
Workload Assessment Technique) are frequently used (Rubio et al., 2004). The NASA-
TLX (Task-Load Index) by Hart & Staveland (1988) is often used in multitask contexts, i.e.
flight tasks in air combat. It uses six dimensions to assess mental workload: mental demand,
physical demand, temporal demand, performance, effort, and frustration and takes about
60 min to complete. The SWAT (Subjective Workload Assessment Technique) by Reid &
Nygren (1988) is a subjective rating technique that uses three levels: (1) low, (2) medium,
and (3) high, for each of three dimensions of time load, mental effort load, and psychological
stress load to assess workload and takes about 70 min to complete. Both of these measures
(and most others) required too much time to be included in our TVM studies. Instead, a
very brief measure was chosen that yields surprisingly high correlations (Rubio et al., 2004,
p. 73) with NASA-TLX (0.653, p<.01), but not with SWAT (0.292, p<.05): The RSME
(Rating Scale Mental Effort) by Zijlstra and van Doorn (1985).
The RSME is a one item scale on which participants were to mark the mental work-
load they had experienced during the task on the scale immidiately after every single task
and once during the interview in the beginning to provide a baseline. The German adap-
tation of the RSME (Zijlstra & Doorn, 1985; Zijlstra, 1993) that was used ranged from 0
to 220 using german anchor terms (e.g. 120 = “Ziemlich anstrengend” for “Rather taxing”)
and participants mean RSME baseline across all groups was 9 (to compare: 20 = “kaum
anstrengend” for “hardly taxing”).
To estimate the relationship between subjective mental workload (RSME) and the
10Button clicks were counted as steps, because the TVM features simple push buttons and no complex
interaction elements such as spin buttons or sliders.
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Table 5: Pairwise comparisons (Bonferroni corrected) of RSME scores for old control group (I) and
other experimental groups (J)
experimental group N mean RSME I-J SE Sig.
old control 21 81.47
young control 21 38.66 42.81 8.599 .000
young video 21 39.79 41.68 8.599 .000
old video 18 44.05 37.42 8.950 .013
young wizard 19 50.78 30.69 8.823 .000
old wizard 20 57.20 24.27 8.706 .093
dependent variables effectiveness, efficiency and satisfaction, Pearson correlations were cal-
culated and supplemented with Bootstrap 95% confidence intervals based on 1000 replica-
tions. Table 6 shows the correlations in three groups: First, overall correlations are reported,
then the sample is split into young and old and finally into the six experimental groups. To
improve readability, nonsignificant correlations have been removed from the table. The
complete table can be found in the appendix (Table E15).
Older adults using the original BVG-TVM (old control) reported significantly higher
subjective mental workload (RSME score) across the eleven tasks than all other groups,
including old video and old wizard, who had slightly but not significantly higher RSME-
scores than the younger groups (see figure 20).
In a factorial repeated measures ANOVA with the eleven tasks as repeated measures
and experimental groups as factors, Mauchly’s test indicated that the assumption of spheric-
ity had been violated, χ2(54) = 208.47, p=.000. Thus, Greenhouse-Geisser corrected tests
are reported (ε = .74). The results show that mental effort (measured as RSME score) was
significantly affected by the task (F(7.40, 843.28) = 32.61, p = .000, η2p = .222 and the
interaction of task and experimental group (F(36.99, 843.28) = 2.66, p = .000, η2p = .105.
Pairwise comparisons between experimental groups reveal significant differences between the
old control group and all other groups (see table 5), creating two homogenous subgroups
(Ryan-Einot-Gabriel-Welsch, Sig. = .225).
Overall, subjective mental workload was correlated with all dependent variables, yet
strongest with satisfaction. Participants who reported less mental effort when using the
TVM were also more satisfied, effective and efficient using it. Comparing young and old
participants, this effect persists for satisfaction (highest) and effectiveness, and is stronger for
younger adults, which could indicate that older adults were less willing to expend increased
effort on difficult tasks or less able to compensate usability flaws in the TVM. For effi-
ciency, only one significant correlation remains: older adults perceiving higher mental effort
took more time to solve the tasks. Comparing all six experimental conditions, the highest
correlations exist between mental effort and satisfaction in the young video (-.721**) and
young wizard group (-.706**), followed by the old control (-.614**) and the old wizard group
(-.613**).
To summarize, RSME had a stronger connection to satisfaction than to effectiveness,
even though task difficulty is operationalized as frequency of correct solutions (= effective-
ness). Task difficulty and mental effort were not as strongly correlated as expected - The
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Table 6: Pearson correlations of mental effort (RSME mean scores) and effectiveness, efficiency
and satisfaction (dependent variables) for all experimental groups, nonsignificant results removed to
improve readability
group effectiveness efficiency (time) efficiency (steps) satisfaction
overall -.387** -.364** -.309** -.514**
(-.58, -.16) (-.51, -.22) (-.47, -.12) (-.68, -.31)
young -.362** -.594**
(-.53, -.09) (-.75, -.39)
old -.291* -.352** -.461**
(-.54, .03) (-.54, -.15) (-.69, -.17)
young control -.641** -.490*






young wizard -.466* -.496* -.706**
(-.73, -.12) (-.71, -.23) (-.86, -.54)
old wizard -.554* -.613**
(-.80, -.12) (-.88, -.22)
N=118, *p<.05, **p<.01 (2-sided), Bootstrap (1000) 95% CIs reported in brackets
relationship may be affected by achievement motivation (Capa et al., 2008). Another caveat
is that self-report scales alone cannot capture mental workload (Waard & Lewis-Evans,
2014).
Control Variables
User characteristics besides age, that were expected to influence effectiveness, effi-
ciency and satisfaction of TVM use include prior computer experience and the resulting
computer literacy, computer anxiety, attitude and control beliefs regarding technology use.
As a general factor, fluid intelligence was measured as well. These control variables are
introduced briefly, a more detailed description along with results of a hierarchical regres-
sion indicating their relative importance as predictors of usability measures can be found in
Sengpiel (in pressb). Overall, there were significant differences between between age groups,
but not between control, video and wizard conditions (see Fig. 21 for an overview).
KUT. The KUT (German akronym for “control beliefs for interaction with technology”)
was developed by Beier (1999) to extend the scope of observed user characteristics with a
personality construct that guides user actions. The short eight item scale was adapted to
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Figure 21. KUT, ATT, CATS, CLS, HAWIE (=WAIS) and LPS 50+ scores in the control, video
and wizard conditions, split for old and young participant groups
TVM use by adding the example „purchasing train tickets at a ticket vending machine“ and
participants indicated on a Likert scale of 0 (not true at all) to 4 (absolutely true) their
control beliefs regarding technology use, resulting in a maximum total score of (8x4=) 32.
A complete list of translated items, including polarity, mean, variance and discriminatory
power from Beier (1999) can be found in Sengpiel (in pressb).
ATT. Attitude determines motivation to use technology and thus will have a direct
influence on successful use and an indirect influence through better experience and practice
(Fishbein & Ajzen, 1975; Wagner et al., 2010). Attitude towards ticket vending machines
was measured using an eight item seven point semantic differential created for this study.
As expected, older adults had a less positive attitude toward TVMs (see Figure 22 and table
E14 for an overview of the results).
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Table 7: Attitude toward ticket vending machines mean scores of older and younger participant
groups
age group young old
attitude items Mean N SD Mean N SD
repulsive - appealing 0.35 62 1.32 -0.37 59 1.53
unpleasant - pleasant 0.31 62 1.14 -0.65 60 1.40
frustrating - encouraging 0.53 62 1.04 -0.42 59 1.68
complicated - simple 1.55 62 1.40 -0.75 61 1.63
unclear - clear 1.19 62 1.29 -0.35 60 1.54
useless - useful 2.40 62 0.86 0.92 60 1.81
inappropriate - appropriate 2.39 62 0.71 1.10 61 1.67
difficult to learn - easy to learn 1.73 62 1.04 0.02 60 1.57
Figure 22. Semantic differential for attitudes of young and old participants toward ticket vending
machines (N=59 to 62)
CATS. Computer anxiety and computer knowledge often show a strong negative cor-
relation (eg. Karavidas et al., 2005, r=-.83, p<.01, N=222). Anxiety towards ticket vending
machines was measured using an adaptation of the „Computer Anxiety Trait Scale“ (CATS)
by Gaudron & Vignoli (2002), asking the participants to imagine being at the train station
wanting to use a TVM and to rate their approval to 16 statements (e.g. „I sweat“, „My heart
beats faster“) regarding this situation on a five-point Likert scale ranging from „not at all“
to „absolutely“.
Fluid Intelligence (WAIS DSC & LPS 50+). To measure fluid intelligence, two short
subscales from the WAIS (Wechsler, 1955, Digit Symbol-Coding task, in German = HAWIE
ZST, Tewes & Wechsler, 1991) and the LPS 50+ (Horn, 1983, subscale “reasoning”) were
chosen. They were not adapted to TVM-use, as they were considered to measure general
abilities affecting TVM use. Figure 23 shows examples from both questionnaires.
The Digit Symbol-Coding task of the Wechsler Adult Intelligence Scale (WAIS DSC)
asks participants to match 100 numbers (1-9) to symbols in 90 seconds (speed test) and
measures mainly processing speed. The German version used in the study is called “HAWIE
ZST” (“Zahlen-Symbol-Test”, Tewes & Wechsler, 1991; WAIS, Wechsler, 1955; WAIS-R,
Wechsler, 1981).
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Figure 23. examples from LPS 50+ reasoning (above) and WAIS DSC (German: HAWIE ZST,
below) used to test participants’ fluid intelligence
The subscale “reasoning” (German: “Erkennen von Gesetzmäßigkeiten”) is the third of
13 subtests of the LPS 50+ (Leistungsprüfsystem (“performance testing system”) by Horn
(1983). It is a 5 minute speed test containing 40 items, asking participants to mark the
one symbol in a row of eight that does not fit the emergent pattern and measures mainly
reasoning. The “50+” version was used for old and young participants, since it differs only
in bigger items accounting for lower visual acuity.
Computer literacy scale (CLS)
Using the touch-screen-TVM investigated in this thesis, the task of selecting the de-
sired ticket requires mainly domain knowledge about the many available ticket options
(“knowledge in the world vs. in the head”, Norman, 1988), yet the TVM itself requires
interaction knowledge about touch screens and terms, symbols and procedures common
to computer use (computer literacy), posing an additional barrier, especially to older users.
Thus differences in computer literacy were expected to explain differences in successful TVM
use. To measure computer literacy, it shall first be defined and operationalized.
Ever since Luehrmann (1972) and Nevison (1976) coined the term "computer literacy"
(calling it „computing literacy“ at first), there has been a heated debate on what it should
encompass. Luehrmann begins his „sermon“ with a parable (1972, p.407), in which he
replaces the term „computing“ with „reading and writing“ and argues that we should not
leave computing to specialists, but should teach it to our kids as a cultural skill. 30 years
later, he reflects on a mixed success, as computers and computer literacy still have not
become integrated as "thinking tools" in school curricula like reading and writing have
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Figure 24. Sample items in the matching task of the CLS
(Luehrmann, 2002). Nevison (1976) focuses on teaching to program computers and lists 144
of the 184 courses at Dartmouth College in which computing was used in 1974/1975, while
only 5 of these courses were specifically on computer science. He concludes „. . . Even where
students do not write a program, they rely on others who do. . . At Dartmouth, the ability
to use a computer program and, more important, the ability to write one are widespread.
Computing literacy is high.“ The term "computer literacy" increased in popularity in the
literature with a sharp increase starting 1977 and peaked in the late 1980s11 (Google Ngram
Viewer12, 2014).
Today, more than 40 years later, there is still no generally agreed upon definition of
computer literacy (Turner et al., 2000; Mason & Morrow, 2006). Yet there is widespread
acceptance of the fact that it has great impact on the ability to interact with computers:
"Just as one needs to have reading literacy to benefit from the information made available
by the printing press, one must have computer literacy to benefit from the information
made available by the personal computer" (Poynton, 2005, p.862). While some authors
point to the importance of computer literacy as a modern cultural skill (e.g. Coy, 1998),
some authors express it more drastically: „Computer literacy is a key phrase that brutally
bifurcates our society“ (Cooper, 2004, p.38). It is exactly this later notion that is of interest
for this thesis: computer literacy as basic interaction knowledge required for successful use
of computers, that shapes and is shaped by the use of ICT and is less common among older
adults (Sengpiel & Dittberner, 2008).
Measuring computer literacy proved to be even more complex than defining it. Even
though there were a variety of computer literacy and related measures available, none of
them were short, objective and age specific for older adults, which led to the development of
the computer literacy scale (CLS, Sengpiel & Dittberner, 2008). Most reviewed publications
focused on computer experience and computer anxiety or attitudes rather than knowledge
or literacy (e.g. Beckers & Schmidt, 2003; Bozionelos, 2001; Garland & Noyes, 2004; Schu-
macher & Morahan-Martin, 2001, B. Smith et al. (2000); B. Smith et al., 2007; Potosky
& Bobko, 1998), some developed measures for more specific computer knowledge, e.g. for
Windows (Miller & Wooten, 1997) and the Internet (Potosky, 2007, Bradlow et al. (2002))
and only a few addressed general computer knowledge and computer literacy (e.g. Wagener,
2003; Turner et al., 2000, Winter et al., 1997 , Pyrczak, 1990).
This lack of suitable instruments had also been found by Arning & Ziefle (2008)
11The term „computing literacy“ remained scarcely used
12https://books.google.com/ngrams
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Figure 25. Screenshots with sample items from the current prototype of the adaptive CLS
for the assessment of computer expertise. Thus they created the “Computer Expertise
questionnaire” (CE), which was used for validation of the CLS. Results showed that CLS
and CE were moderately correlated (τ=.62, p<.01), which indicates that they measure
related constructs, even though they do so in very different ways (Sengpiel & Dittberner,
2008). Later, Boot et al. (2013) found a similar lack of instruments and developed the
“Computer Proficiency Questionnaire” (CPQ) to assess the computer proficiency of seniors
(from non-users to frequent computer and Internet users), arguing that the CE by Arning &
Ziefle (2008) had been developed with data from older adults who had substantial computer
experience and the CLS by Sengpiel & Dittberner (2008) had been designed for older adults,
but focused largely on declarative knowledge rather than the ability to perform computer
tasks. The CPQ itself has shown very high reliability (Cronbach’s α = .98) and consists
of 33 items (there is also a short form with 12 items) that ask the respondent whether
she can use technology devided in six categories: computer basics, printer, communication,
Internet, calendar and entertainment. Thus, the CPQ is not a knowledge test but a self
report measure. It has not yet been used to validate the CLS.
The CLS focuses on a small but essential aspect of computer literacy and uses it
as indicator for the broader construct: “If literacy can be considered the ability to read
symbols and use them, then computer literacy could be considered the ability to understand
and use computer related symbols, functional elements and interaction patterns” (Sengpiel
& Dittberner, 2008, p. 8). These basic building blocks of computer literacy are tested in an
objective knowledge test with 26 items (21 symbols and 5 terms) in a matching task, taking
about 15 minutes to complete, depending on literacy level. Figure 24 provides an example
with seven items and one distractor from the paper version used in this study. The CLS can
be downloaded for free as printable pdf13. It is available in English, German and Spanish14.
While the focus on an objective test of declarative knowledge was deliberate, the lack
13from www.computer-literacy.net and from https://www.researchgate.net/profile/Michael
_Sengpiel, an option which has been used about 40 times per week
14Thanks to Jose Luis for the translation and to Demian Martos for proofreading. Italian and Chinese
versions have not yet been proofread
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of a test of procedural knowledge mentioned by Boot et al. (2013) did not go unnoticed.
Hence, further versions of the CLS have been and are still being developed, leading to four
versions of the CLS thus far. The first version described above (CLS-ST for symbols and
terms) has been supplemented with an interactive version (CLS-IA for interactive) that
lets participants perform small computer tasks and has been published as diploma thesis
by Zeissig (2009). A third version added more difficult items to extend the measurement
range to more proficient users (CLS+) and has been published as bachelor thesis by Spiering
(2010). Finally, a fourth version was added as an adaptive test to further reduce test duration
while maintaining high reliability. To reach that goal, the item pool was extended once more
and conformity to the RASCH model was verified. Again, results have been published as
diploma theses by Arsenyeva (2012) and Götzinger (2014). Figure 25 shows four screenshots
from the current prototype of the adaptive CLS. Current efforts are directed at making this
test available online at www.computer-literacy.net.
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Figure 26. Effectiveness across tasks for all groups (in percent), comparing age groups for the
control (top left), video (top right) and wizard (bottom left) condition. Bottom right compares
effectiveness between conditions for older participants exclusively.
Results (Summary of articles)
Improving usability through video instruction and wizard redesign
The results described in detail in the articles at the back of this thesis paint an
encouraging picture. For the TVM investigated, the usability for older adults could be
improved greatly with relatively little effort. The video and the wizard were both successful,
increasing mean effectiveness for the older groups from 52% to 80% and 88% respectively.
With the original TVM, older participants solved only 62% of the number of tasks solved by
the younger group, but 87% with the video instruction and 100% with the wizard. Figure 26
shows the effectiveness across tasks for all groups. Achieving the goal of universal usability
could be defined as older participants reaching the effectivenss of younger participants or
the 80% mean effectiveness defined by Shneiderman (2000; 1999). The results show, that
the goal of universal usability of a TVM is within reach with reasonable effort, given it was
achievable within a small research project such as ALISA.
The results were not as positive for the other usability criteria efficiency and satis-
faction - as expected, especially age differences in efficiency measured in time remained. A
MANOVA comparing the four dependent variables in all experimental conditions for both
age groups revealed the significant differences marked in figure 27. Because some assump-
tions of MANOVA/ANOVA had been violated, a nonparametric Kruskal-Wallis test was
conducted and followed up by Mann-Whitney tests, which confirmed the significant differ-
ences between experimental groups in all but two cases.
Table 8 shows the MANOVA between-subject effects in effectiveness, efficiency and
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Figure 27. Mean effectiveness, satisfaction and efficiency measured in steps and in time for the
two age groups and three experimental conditions. Values have been transformed to percent to
allow direct comparison, higher %-values are better, the scale for efficiency (time) has been cut off
at 50% for easier comparison. All significant group differences are marked with * (see table E2 for
significance values with Bonferroni adjustment for multiple comparisons). Hypotheses are marked
with H4 through 17, where + (-, /) denotes (not, partly) confirmed.
satisfaction for age groups and experimental conditions as well as the age group by condition
interaction, including effect sizes. They indicate that age groups differed mostly in efficiency
(time), explaining 45% of the variance, which can be considered a very high effect size (see
Field, 2009; Kirk, 1996). In comparison, age group differences in effectiveness and efficiency
(steps) both explained 12% of the variance, which can still be considered a medium to
high effect size and satisfaction explained only 4%, which is a small effect. Experimental
conditions differed strongly in effectiveness, efficiency (time) and efficiency (steps), each
explaining 16%, 15% and 21% of the variance, respectively. Again, satisfaction explained
only 5%, which is a small effect. For the age group by experimenal condition interaction
effectiveness and efficiency (steps) both show medium effect sizes, each explaining 10% and
9% of the variance, respectively. Here, efficiency (time) and satisfaction explained only 3%
and 5% of the variance, which is a small to medium effect.
To summarize, satisfaction differed little across age groups and experimental condi-
tions and thus appears to be not well suited to estimate differences in intervention useful-
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Table 8: MANOVA between-subject effects in effectiveness, efficiency and satisfaction for age groups
and experimental conditions and the age group by condition interaction, including effect sizes
age group F df error df Sig. η2p ω
2 explained variance
effectiveness 23.56 1 112 0.000 0.17 0.12 12%
efficiency (time) 150.03 1 112 0.000 0.57 0.45 45%
efficiency (steps) 26.25 1 112 0.000 0.19 0.12 12%
satisfaction 5.89 1 112 0.017 0.05 0.04 4%
condition
effectiveness 15.67 2 112 0.000 0.22 0.16 16%
efficiency (time) 25.68 2 112 0.000 0.31 0.15 15%
efficiency (steps) 22.36 2 112 0.000 0.29 0.21 21%
satisfaction 4.16 2 112 0.018 0.07 0.05 5%
age group x condition
effectiveness 10.40 2 112 0.000 0.16 0.10 10%
efficiency (time) 5.70 2 112 0.004 0.09 0.03 3%
efficiency (steps) 9.80 2 112 0.000 0.15 0.09 9%
satisfaction 4.15 2 112 0.018 0.07 0.05 5%
ness15. The other dependent variables, effectiveness, efficiency (time) and efficiency (steps),
differed rather equally across experimental conditions and very unequally across age groups,
where efficiency (time) alone explained 45% of the variance. The age group by experimental
condition interaction shows that in particular older participants benefit from the interven-
tions in their effectiveness and efficiency (steps), and not so much in efficiency (time) and
satisfaction.
Age related user characteristics determining successful TVM use
This section addresses the research questions, to what degree successful TVM use was
determined by age related user characteristics rather than by age itself and whether computer
literacy was an important predictor of successful use, even with a relatively simple TVM.
A MANOVA for the control variables showed that age groups differed significantly in
the control variables, but experimental conditions did not. Thus differences in effectiveness,
efficiency and satisfaction between conditions cannot be attributed to differences in these
control variables, but rather to the video and wizard interventions. Correlations of usability
measures and user characteristics are reported to gauge their interrelatedness. The factorial
validity and reliability of the scales measuring the user characteristics were tested with a
principal component analysis (PCA) and internal consistency analysis. Finally, the impact
of user characteristics on usability measures in the control, video and wizard condition was
15A follow-up discriminant analysis revealed that the group differences shown by the MANOVA can be
explained in terms of three underlying dimensions and that satisfaction had very little impact on them.
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Table 11: Effects of user characteristics on effectiveness for control, video, wizard and over all
conditions
condition control, N=32 video, N=35 wizard, N=35 overall, N=102
model R2 .619 .357 .050 .180
block β sr2 β sr2 β sr2 β sr2
1 ΔR2 .295** .236** .002 .118***
age -.54** .29 -.49** .24 .05 <.01 -.34*** .12
2 ΔR2 .088m .037 .015 .024**
age -.17 .01 -.25 .02 .18 .01 -.16 .01
CLS .48m .09 .31 .04 .18 .01 .24m .02
3 ΔR2 .098 .059 .026 .009
age -.17 .01 -.18 .01 .23 .02 -.13 .01
CLS .37 .04 .30 .04 .35 .03 .27m .03
KUT -.14 .01 .15 .02 -.15 .01 -.10 .01
ATT .20 .02 .26 .02 .11 <.01 .11 <.01
CATS -.20 .02 .30 .04 .15 .01 .02 <.01
4 ΔR2 .138* .025 .007 .028
age .14 .01 -.07 <.01 .26 .02 -.05 <.01
CLS .21 .01 .28 .03 .33 .03 .21 .01
KUT -.17 .02 .11 .01 -.16 .01 -.13 .01
ATT -.15 .01 .20 .01 .10 <.01 .03 <.01
CATS -.40m .07 .26 .03 .16 .01 -.01 <.01
WAIS DSC -.06 <.01 .02 <.01 -.10 <.01 -.05 <.01
LPS reason .71** .14 .22 .02 .16 .01 .28m .03
Note: ***p<.001, **p<.01, *p<.05, mp<.10
estimated using correlations and hierarchical regression. Again, main results will be reported
here and a more detailed description can be found in Sengpiel (in pressb).
Usability measures and user characteristics showed a wide range of correlations. Over-
all, effectiveness and efficiency were related strongest to fluid intelligence, computer literacy
and age, while satisfaction was related strongest to computer anxiety, control beliefs re-
garding technology use, and attitude toward technology. Table 9 shows an overview of all
correlations for usability measures and user characteristics. These correlations differed sub-
stantially when the sample was split into the different experimental conditions (see table
10), e.g. comparing correlations between effectiveness and CLS or LPS 50+, they are very
high in the control condition and drop to almost zero in the wizard condition, indicating
that the wizard required less computer literacy or fluid intelligence for successful use.
Finally, hierarchical regression analyses were conducted to estimate the impact of user
characteristics on usability measures. Results indicate that age correlated user characteris-
tics explained effectiveness much better than age itself. In the control condition, computer
literacy was the best predictor of effectiveness among the user characteristics related to com-
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puter use (adding CLS to the regression model, the age effect almost disappeared) and the
reasoning scale of the LPS 50+ (fluid intelligence) was the best predictor overall, perhaps
because using an unfamiliar machine with low usability essentially requires more general
problem solving competence. In other words, the original BVG TVM did not follow the
common maxim coined by Steve Krug: “Don’t make me think” (Krug, 2006). The video
provided knowledge necessary to use the BVG TVM, reducing the need for guesswork and
the impact of fluid intelligence and the other age related user characteristics, with a partic-
ularly strong positive change in the negative impact of computer anxiety. The wizard was
designed to require less computer literacy and to have better usability overall and succeeded
in reducing the impact of age and age related user characteristics to a point where it can be
considered truely universally usable.
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Discussion
“If it is not right do not do it; if it is not true do not say it.”
Marcus Aurelius, Meditations
Even a simple device like a TVM can pose a challenge for older users. They have less
computer literacy that can guide them in the use, error recovery and exploration of new
technology and since the face of technology changes quickly, generational cohort differences
will persist. However, the research results found in this thesis clearly show that older adults
were able to use a TVM successfully, if it had been carefully designed to accommodate their
needs and capabilities. They also show that it was not age itself that predicted successful
TVM use, but rather age related user characteristics that can be measured and designed
for. Of these, computer literacy has proven to be a central predictor, especially if the TVM
resembles a computer interface.
This process of age related characteristics dissolving the factor of chronological aging
itself, is not a sign of a disintegrating aging research, but rather an immanent trait of its
differentiation and development. This notion has already been described by Birren (1959,
cited by P. B. Baltes, 1973) stating that “aging may be used to refer to relationships involving
chronological age with the implicit assumption that such relationships are inevitably in
transition to being explained by other variables without recourse to the use of the term
’age’."
Overall, results of this thesis are consistent with prior research. Specific characteristics
of this thesis can be seen in the concurrent consideration of the following five issues in a
comprehensive study allowing for direct comparison.
1. The direct comparison of TVM usability with and without video instruction. Here,
results are consistent with findings in other publications, demonstrating successful computer
based training and instruction to use ICT (Sengpiel et al., 2013; Gramß & Struve, 2009;
Van Gerven et al., 2006; Wallen & Mulloy, 2006; Sierra Jr et al., 2002; McNeil & Nelson,
1991; J. B. Black et al., 1987).
2. The direct comparison of two different graphical user interfaces for the same, func-
tionally identical TVM, BVG original vs. wizard. Here, results are difficult to compare, as
the argument of Morgan (1991, p. 265) that “very few valid comparisons have been done on
systems whose interfaces have been specifically designed and developed to be functionally
identical" still seems to hold true. In one similar study, Connell (1998) reports a TVM
error analysis comparing three TVM installed at London underground and overground train
stations, the Multi Fare Machine (MFM) from 1991 and the redesigned Multi Fare Machine
from 1996, as well as the Few Fare Machine (FFM) and the QuickFare (QF) machine, which
had remained largely unchanged in the same period. The MFM offered the complete range
of ticket types and destinations, QF was similar to MFM, but FFM offered only a small
range of the ten most popular ticket prices, a design decision that is quite similar to the
original BVG TVM, offering seven popular tickets on the start screen. Interestingly, in that
regard, the BVG TVM incorporates FFM & MFM ideas in one device. None of the machines
had touchscreen interfaces and in his analysis Connell (1998) focused on errors rather than
on the usability criteria effectiveness, efficiency and satisfaction, resulting in a very detailed
error analysis, e.g. reporting mechanical problems accounting for most of the (very few)
FFM errors, and step order and selection problems accounting for most MFM and QF er-
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rors, some of which are reminiscent of the problems participants had in the selection process
using the BVG TVM. Fortunately, other researchers have used the same BVG and wizard
TVM for their research, so some results can be directly compared, e.g. to Hurtienne et al.
(2013), who found a similarly high impact of computer literacy measured with the CLS on
effectiveness of use for the BVG TVM (β = .42) but different results for usability criteria of
the BVG and wizard TVM, using partly different measures, offering differing levels of prior
experience as possible explanation.
3. The direct comparison of video vs. wizard as representatives of teach and design
decisions, respectively. Here, results are difficult to compare as there is no comparable study
known, yet perhaps many will follow.
4. The effect of age related user characteristics on usability measures for these TVMs
with a focus on older adults. Here, results can be compared to research on user character-
istics. E.g. Czaja et al. (2006) report similar results in their final regression model for the
use of technology, e.g. for the impact of fluid intelligence with β = −.73 (about the same
value as the β = −.71 for LPS reason in the control group) and of computer anxiety with
β = −.57 (a similar value to β = −.40 for CATS in the control group) but also less similar
values as R2 = .46 for the full model with age x cognitive abilities x computer attitudes
compared to R2 = .61 for the full model in the control condition and β = −.07 for age
compared to β = −.54 in the control group, indicating that age seems to be much more
important for effective use than for technology adoption.
Also, the results for efficiency (time) are consistent with prior research suggesting that older
adults will typically take 1.5 to 2 times as long as younger adults when using the same
strategy to solve a task (Fisk et al., 2004), with factor estimates for response times ranging
from 2.1:1 if tasks rely heavily on motor responses to 1.2:1 when they rely more on eye
movements (Jastrzembski & Charness, 2007).
Finally, another differentiator of this thesis can be seen in the focus on objective
measurement of computer literacy and the development of a questionnaire to achieve it, the
computer literacy scale (CLS).
The degree to which a TVM or any ICT can be used independently of age or such
related user characteristics can be considered a measure of universal usability. Short term
benefits of inclusive TVM design are twofold: Economically, a TVM that cannot sell tickets is
useless - and a TVM that cannot sell to older adults is used less. Perhaps more importantly,
such a TVM could curtail older adults’ social participation, for which mobility is essential.
In the long term, finding a decomposed snail at the bottom of every TVM interaction will
decrease the motivation to try it again, sustaining a vicious circle of avoidance and disuse.
To break this vicious circle it is essential that older users have positive experiences using
TVM and other ICT, providing the positive feedback needed to find the courage to walk
up to and use them (again). Fortunately, universal usability is an extensively researched
and well documented craft, with a growing body of research specializing in issues involving
“designing for older adults” (Fisk et al., 2009).
On the question of “teach or design”, both differ in effort placed on the user and on the
designer and they have different impact on effectiveness of use, efficiency and satisfaction.
The main advantage of the wizard lies in the effectiveness of its use and the increased
satisfaction for older users. This effectiveness comes at a price of decreased efficiency, yet
using the wizard was still faster than using the original TVM and watching the instructional
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video beforehand, making the wizard a good choice for rare interactions. Yet even though
the wizard redesign came closer to the goal of universal usability, the video instruction still
has advantages. First, a video can be used if the machine itself cannot easily be changed, an
issue quite relevant for most public access systems. Second, a video is easier to produce and
less costly than a redesign of the GUI. Third, the interaction knowledge gained watching
the video can be transferred to future uses of the TVM and render the video unnessary over
time, increasing efficiency. Fourth, these instructional videos could be integrated into most
existing machines to provide information when they are needed. Finally, video and wizard
can be combined, an option that could be investigated in further studies.
Outlook
Other measures to improve the TVM could address a simplification of the tariff system,
which could certainly simplifiy the ticket selection process. Also, simple technical modifica-
tions could help, such as adding a scanner to the TVM that reads the barcode printed on
the ticket and automatically selects a duplicate for the passenger. Transferring the selection
process to another device like a smart phone could help as well, but might also create new
problems and does not eliminate the need for careful design for usability (Spiegel-Online,
2014).
This work joins a strong movement towards universal usability and inclusive design
with a focus on public access systems. It concentrates on user characteristics predicting
successful use of a TVM that was used in three different experimental conditions: (1) the
original TVM used by the BVG, the major public transportation provider of Berlin, (2) the
same TVM, used after watching a brief instructional video explaining basic functionality and
(3) the functionally identical TVM with a redesigned wizard GUI. Generalizability to similar
public access systems and ICT selection processes in general can be plausibly assumed, but
needs to be tested. In particular, the ideas described could be extended from public access
systems to other systems with high relevance for older adults, such as government websites,
Ambient Assisted Living (AAL) and telemedicine systems.
Future work could concentrate on such transfer to other increasingly complex ICT
that would benefit from universal usability. Also, the CLS should be developed further by
testing its validity in diverse contexts and improve its practical application further with
an adaptive version that is short, reliable and easy to intergrate in everyones research. It
is argued that ultimately, computer literacy could have an impact on any ICT-interaction
and thus it should be measured as control variable in any study using ICT. To learn more
about age and age related user characteristics and how to accomodate them through design
is a constant challenge for researchers and designers, much like it is a constant challenge for
older adults to keep up with technological advances.
Conclusion
Overall, the results can be encouraging for designers and policymakers, and especially
for providers of public access systems, for they show that the additional effort directed
toward inclusive design is justified by the gains in usability for an aging population that is
constantly growing. Perhaps, the results can even provide a building block in the growing
movement to establish a culture of universal usability, given that it is not only a matter
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of profits, but also a matter of social and moral obligation, a "duty of reasonable care".
After all, artifacts do have politics and universal usability should always be a concern for
public access systems. Peoples’ longevity is essentially a wonderful achievement, for which
technological advances are in part responsible. But to follow the old adage and not only
give years to life but also life to years, it is important to give older adults the attention
they deserve and the support they need. And if such culture of universal usability meets
economic head wind, it seems reasonable to consider legal anchoring as in the “duty of care”.
Cui bono. Such claims raise the question, who would benefit from such a culture or
policy. The answer may be unusual, if not surprising: Everybody would benefit. First, it
is the right thing to do. Second, it helps older people now, immediately in their everyday
life. Third, older adults can be seen as an “index case of bad usability”. As participants in
usability research, they are likely to find design flaws, partly because they have less resources
to compensate for bad design. Thus, they can be likened to a litmus test of usability: If
they can use the ICT in question, it is likely that younger people can use it as well, which
improves the usability of ICT for everyone, especially for ICT that is rarely used. And
finally, someday sooner than most of us want, we are old too and will be happy to have
technology that works. We can shape the world we live in and we should do it while we can.
This is water.
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Figure C1. CogTool screenshot for the Original BVG GUI
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Mean differences between experimental groups (age x condition), with 5x4 comparisons that are of particular interest for the
usefulness of the interventions marked C1, C2 & C3 and for universal usability marked C4 & C5
Pairwise Comparisons in effectiveness efficiency (time) efficiency (steps) satisfaction
I J Mean I-J p= Mean I-J p= Mean I-J p= Mean I-J p=
young control old control 31.92*** 0.000 19.04*** 0.000 26.33*** 0.000 15.59* 0.039
young video -6.32 -5.93 -3.10 -1.59
C4→ old video 5.55 12.24*** 0.000 6.24 7.88
young wizard -2.27 9.41** 0.001 20.30*** 0.000 -0.26
C5→ old wizard -3.18 18.96*** 0.000 21.15*** 0.000 -4.44
old control young control -31.92*** 0.000 -19.04*** 0.000 -26.33*** 0.000 -15.59* 0.039
young video -38.24*** 0.000 -24.98*** 0.000 -29.43*** 0.000 -17.18* 0.012
C1→ old video -26.37*** 0.000 -6.80 -20.09*** 0.000 -7.71
young wizard -34.19*** 0.000 -9.64** 0.001 -6.04 -15.85* 0.033
C2→ old wizard -35.10*** 0.000 -0.08 -5.18 -20.03** 0.002
young video young control 6.32 5.93 3.10 1.59
old control 38.24*** 0.000 24.98*** 0.000 29.43*** 0.000 17.18* 0.012
old video 11.87 18.18*** 0.000 9.35 9.47
young wizard 4.05 15.34*** 0.000 23.40*** 0.000 1.34
old wizard 3.14 24.90*** 0.000 24.26*** 0.000 -2.85
old video young control -5.55 -12.24*** 0.000 -6.24 -7.88
old control 26.37*** 0.000 6.80 20.09*** 0.000 7.71
young video -11.87 -18.18*** 0.000 -9.35 -9.47
young wizard -7.82 -2.84 14.05* 0.014 -8.14
C3→ old wizard -8.73 6.72* 0.044 14.91** 0.007 -12.32
young wizard young control 2.27 -9.41** 0.001 -20.30*** 0.000 0.26
old control 34.19*** 0.000 9.64** 0.001 6.04 15.85* 0.033
young video -4.05 -15.34*** 0.000 -23.40*** 0.000 -1.34
old video 7.82 2.84 -14.05* 0.014 8.14
old wizard -0.91 9.56*** 0.000 0.86 -4.19
old wizard young control 3.18 -18.96*** 0.000 -21.15*** 0.000 4.44
old control 35.10*** 0.000 0.08 5.18 20.03** 0.002
young video -3.14 -24.90*** 0.000 -24.26*** 0.000 2.85
old video 8.73 -6.72* 0.044 -14.91** 0.007 12.32
young wizard 0.91 -9.56*** 0.000 -0.86 4.19
Based on estimated marginal means, * mean differences are significant at *p<.05, **p<.01, ***p<.001
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Table E2
5x4 selected pairwise comparisons for effectiveness, efficiency (time and steps) and satisfaction, integrating the results from
MANOVA / ANOVAs and corresponding non parametric Kruskal-Wallis test with Mann-Whitney U-tests and hypotheses H4-
17 with the expected relation (< = >) and index of confirmation (H+ = confirmed by parametric and non-parametric tests,
H/ = confirmed by parametric or non-parametric tests, H− = not confirmed)
↓ Hypotheses & relation ↓ Mean MANOVA non parametric Mann- Asymp. effect
I J Differences / ANOVA Kruskal-Wallis Whitney (2-tailed) size
effectiveness (I-J) p* = Sig. Adj. Sig. U Sig. r
H4+ old control < old video -26.369* 0.000 0.005 0.071 85.500 0.001* -0.51
H5+ < old wizard -35.101* 0.000 0.000 0.000 47.000 0.000* -0.68
H6− old video < old wizard -8.732 142.500 0.072 -0.28
H7+ young control = old video 5.55 168.000 0.264 -0.17
H8+ = old wizard -3.182 197.000 0.542 -0.09
efficiency (steps)
H9+ old control < old video -20.089* 0.000 0.001 0.010 83.000 0.001* -0.52
old wizard -5.178 177.000 0.274 -0.17
H10+ old video > old wizard 14.911* 0.007 0.002 0.034 76.000 0.000* -0.55
young control old video 6.243 145.000 0.090 -0.26
old wizard 21.154* 0.000 0.000 0.000 60.000 0.000* -0.62
efficiency (time)
H11/ old control < old video -6.803 0.011 0.170 89.000 0.002* -0.49
old wizard -0.082 184.000 0.359 -0.14
H12+ old video > old wizard 6.721* 0.044 0.012 0.178 59.000 0.000* -0.62
H13+ young control > old video 12.240* 0.000 0.003 0.041 67.000 0.000* -0.58
H14+ > old wizard 18.961* 0.000 0.000 0.000 7.000 0.000* -0.83
satisfaction
H15− old control < old video -7.71 151.500 0.553 -0.10
H16/ < old wizard -20.033* 0.002 94.000 0.012 -0.41
H17− old video < old wizard -12.323 109.000 0.023 -0.36
young control old video 7.879 150.000 0.261 -0.18
old wizard -4.444 152.500 0.198 -0.20
Based on estimated marginal means, * significance values with Bonferroni adjustment for multiple comparisons
Each row tests the null hypothesis that distributions for I and J are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .05, values above .05 not shown.
For Mann-Whitney U-tests, all values for the test statistic U, uncorrected significance and effect size r are shown.
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Table E3
Five main categories summarizing participants’ reasons for avoiding ticket vending machines (in German)
Simplicity: 21x ticket office is simpler / TVM too complicated
einfacher am Schalter Bedienung einfacher
einfacher, schneller, persönlicher Kontakt schneller, einfacher
einfacher zu kompliziert
unkomplizierter ist kompliziert
unkompliziert, Vertrauen am Schalter größer, Geld hinzulegen bequemer, einfacher
einfacher am Schalter einfacher, persönlicher
einfacher Dienstleistung zu nutzen simpler, menschlicher
einfacher am Schalter, die gewünschte FK zu kaufen einfacher, menschlicher
einfacher, Fahrscheinautomat kompliziert, Schlange macht nervös zu mühsam, lästig
keine Nerven, zu kompliziert dauert zu lange, lästig
einfacher, man wird bedient
Personal contact: 16x prefer personal contact at the ticket office
Personen am Schalter, Automat unpersönlich, klappt nicht persönlicher
persönlicher Kontakt, zu kompliziert persönlicher
komplette Bedienung durch Person, fehlende Kommuniktion persönlicher Kontakt
persönlicher Kontakt, nur wenn keine Schlange vor Schalter besser Kontkt zu personl
Beratung am Schalter, Rabatt persönlicher
persönlicher, Auskunft zusätzlich Gespräch, persönlicher Kontakt
persönliches Gespräch, z.B. Informationen über Umsteigen, Verspätungen persönlicher Kontakt mit Personal
lebend lieber als Maschine, lieber unterhalten persönlicher, Automat schwieriger
Flexibility: 10x better information to get the ticket I need, especially for unusual cases, more tolerance for mistakes
Nachfrage für z.B. weitere Verbindungen/Anschluß, Ansprechpartner, geht am
Schlter schneller
bessere Auskunft
verständlicher, Fragen mögllich, keine Beziehungsängste zu Angestellten am
Schalter
Beratung besser
Sonderwünsche, persönlicher Bezug, Unsicherheit reduzieren passendes Fahrgeld, zu umständlich
konkreter, nicht so fehleranfällig, wechselgeld beim automaten manchmal nicht
vorhanden
Touristen blockieren den Automten
einfacher, Angestellter muss sich mit meinen individuellen Wünschen
auseinandersetzen
bequemer
Safety: 4x safer, afraid to make mistakes
Sicherheit sicherer
unvertraut, Angst Fehler zu machen unsicher
Reliability: 4x TVMs do not work properly or I don’t know how to use them, eg. I cannot read the screen,
TVM takes too long or is out of order
Fahrscheinautomaten sind fehleranfällig, oft nicht betriebsfähig, zerstört oder
mit Farbe unkenntlich / beschmiert
weiß nicht wie die funktionieren,
bräuchte jemanden der sie mir erklärt
man kann nichts auf d. Bildschirm erkennen (es blendet, Sichtfeld zerkratzt) Funktioniert nie, Ich rege mich
schnell auf, dauert zu lang
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Table E4
Eleven tasks every participant was asked to complete with the simulated ticket vending machine
task English translation German original
0 Please purchase a single regular ticket for the fare
zone Berlin AB. (practice)
Bitte kaufen Sie einen Einzelfahrschein für das Tarifgebiet
Berlin AB Regeltarif. (Übung)
1 Please purchase a single reduced fare ticket for the
fare zone Berlin ABC.
Bitte kaufen Sie einen Einzelfahrschein für das Tarifgebiet
Berlin ABC Ermäßigungstarif.
2 Please purchase a 7 day ticket regular fare for the
county of Oberhavel and Barnim. The 7 day ticket
should be valid starting May 3rd.
Bitte kaufen Sie eine 7-Tage-Karte für die Landkreise
Oberhavel und Barnim, ohne Ermäßigung (Standard). Die
7-Tage-Karte soll ab dem 03. Mai gültig sein.
3 Please purchase a monthly ticket for the month of
May. You want the reduced fare "Azubi" for the
county Havelland.
Bitte kaufen Sie eine Monatskarte für den Monat Mai. Sie
möchten den Ermäßigungstarif Azubi für den Landkreis
Havelland.
4 Please purchase a monthly ticket for the month of
May for the fare zone Berlin AB, regular fare
(Environmental ticket). Additionally, please
purchase a connecting ticket for the fare zone C.
Important: Please purchase both tickets in a single
process, so that you can pay for both at once.
Bitte kaufen Sie eine Monatskarte für den Monat Mai für
das Tarifgebiet Berlin AB ohne Ermäßigung
(Umweltkarte). Zusätzlich kaufen Sie bitte einen
Anschlussfahrschein C. Wichtig: Kaufen Sie bitte beide
Fahrscheine in einem Kaufvorgang, so dass Sie sie
zusammen bezahlen können!
5 Part 1: Please purchase a gliding monthly ticket for
the fare zone Berlin AB, regular fare, valid starting
May 5th. Do not pay yet, but solve the second part
of the task first. Part 2: You notice that you have
chosen the wrong fare zone - instead of AB you
want to get ABC. Now, please purchase a gliding
monthly ticket for the fare zone Berlin ABC, regular
fare, valid starting May 5th.
Teil 1: Kaufen Sie bitte eine Monatskarte-gleitend für das
Tarifgebiet Berlin AB, ohne Ermäßigung, ab dem 5. Mai.
Bezahlen Sie diesmal aber noch nicht, sondern lösen Sie
bitte erst Teil 2 der Aufgabe. Teil 2: Ihnen fällt ein, dass
Sie das falsche Tarifgebiet gewählt haben, statt AB,
möchten Sie ABC kaufen. Bitte kaufen Sie nun eine
Monatskarte-gleitend für das Tarifgebiet Berlin ABC, ohne
Ermäßigung, ab dem 5. Mai.
6 Please purchase a short range ticket for yourself
(regular fare), your child (reduced fare) and your
bicycle in a single process.
Kaufen Sie bitte jeweils eine Kurzstreckenkarte für sich
(Regeltarif), Ihr Kind (Ermäßigt) und Ihr Fahrrad in einem
Kaufvorgang.
7 You are travelling with friends and need 2 small
group tickets for Berlin fare zone ABC. Please
purchase them in a single process.
Sie sind mit Freunden unterwegs und benötigen 2
Kleingruppenkarten für Berlin ABC. Bitte kaufen Sie die
Fahrscheine in einem Kaufvorgang.
8 Please purchase in a single process 2 monthly
tickets (Environmental ticket) for the county Teltow
Fläming - One valid for May and the other for June.
Bitte kaufen Sie in einem Kaufvorgang 2 Monatskarten
(Umweltkarte) für den Landkreis Teltow Fläming. Eine
Monatskarte soll für Mai und die andere für Juni gelten.
9 An apprentice needs a ticket for the counties of
Oder-Spree and Frankfurt/Oder starting May 16th.
The ticket should be valid for one week. Please
purchase the ticket for him.
Ein Auszubildender benötigt ab dem 16. Mai einen
Fahrschein für die Landkreise Oder-Spree und
Frankfurt/Oder. Die Karte soll eine Woche gelten. Bitte
kaufen Sie ihm den Fahrschein.
10 Please purchase a ticket for the month of May for
the fare zones B and C. You do not need to use the
ticket before 10.00 o’clock.
Bitte kaufen Sie einen Fahrschein für den Monat Mai für
den Tarifbereich B und C. Ihnen reicht es, nach 10:00 Uhr
loszufahren.
11 A student needs a monthly ticket for the entire fare
zone of Berlin/Brandenburg starting June 25th.
Please purchase the ticket for him.
Ein Schüler benötigt ab dem 25. Juni eine Monatskarte für
den gesamten Tarifbereich Berlin/Brandenburg. Bitte
kaufen Sie ihm den Fahrschein.
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Table E5
Minimum number of necessary steps to solve the eleven tasks
Task 1 2 3 4 5 6 7 8 9 10 11 Total Mean
Original 3 9 7 13 13 11 8 14 9 6 8 101 9.2
Wizard 9 9 13 16 14 17 8 23 14 10 13 146 13.3
Table E6
CogTool-estimated skilled user time estimates to solve the eleven tasks in seconds
Task 1 2 3 4 5 6 7 8 9 10 11 Total Mean
Original CogTool 5 15 12 22 23 18 13 24 15 10 13 172 16
Wizard CogTool 16 22 23 28 24 29 14 40 24 17 22 260 24
Table E7
Mean number of solved tasks for all groups
group 1 2 3 4 5 6 7 8 9 10 11 Total Mean F*
young control 1.0 0.8 0.9 0.7 1.0 0.8 1.0 1.0 0.8 0.9 0.6 9.3 0.84
old control 0.7 0.5 0.8 0.3 0.6 0.5 0.6 0.4 0.5 0.6 0.2 5.8 0.52 0.62
young video 1.0 1.0 0.9 0.8 1.0 0.9 1.0 1.0 1.0 1.0 0.8 10.1 0.92
old video 0.9 0.8 1.0 0.6 0.9 0.7 0.9 0.7 0.9 1.0 0.7 8.8 0.80 0.87
young wizard 0.8 0.8 0.9 0.8 1.0 0.9 1.0 0.9 0.9 0.9 0.9 9.7 0.88
old wizard 1.0 0.9 1.0 0.7 0.9 0.9 0.9 0.9 0.9 0.9 1.0 9.7 0.88 1.00
*F= ratio factor between Mean number of solved tasks between age groups in the same experimental condition
Table E8
Mean number of steps needed to solve the eleven tasks for all groups, with the ideal minimum number of steps for comparison
group 1 2 3 4 5 6 7 8 9 10 11 Total Mean F1* F2**
Original (ideal) 3 9 7 13 13 11 8 14 9 6 8 101 9
young control 3 11 8 20 15 13 9 17 11 11 17 135 12 1.33
old control 3 11 9 24 16 20 9 22 11 13 15 154 14 1.55 1.16
young video 4 14 8 21 18 15 10 17 11 13 12 143 13 1.44
old video 3 12 8 20 14 20 10 22 11 9 15 143 13 1.44 1.00
Wizard (ideal) 9 9 13 16 14 17 8 23 14 10 13 146 13
young wizard 11 19 15 27 18 25 10 29 18 13 16 202 18 1.38
old wizard 13 18 16 23 20 27 10 30 18 13 19 206 19 1.46 1.05
* F1= ratio factor between Mean number of necessary steps (ideal) and actual steps needed
** F2= ratio factor between Mean steps needed by age groups in the same experimental condition
USER CHARACTERISTICS AND THE EFFECTIVENESS OF INCLUSIVE DESIGN 123
Table E9
Mean times needed to solve the eleven tasks in seconds for all groups, with CogTool skilled user time estimates for comparison
group 1 2 3 4 5 6 7 8 9 10 11 Total Mean F1* F2**
Original (CogTool) 5 15 12 22 23 18 13 24 15 10 13 172 16
young control 16 58 40 107 73 65 42 68 51 64 59 643 58 3.63
old control 35 106 74 253 181 212 67 151 119 129 104 1432 130 8.13 2.24
young video 14 62 32 100 73 66 34 54 38 41 42 556 51 3.19
old video 24 90 63 177 119 186 56 162 86 82 103 1148 104 6.50 2.04
Wizard (CogTool) 16 22 23 28 24 29 14 40 24 17 22 260 24
young wizard 65 121 70 161 96 108 43 109 71 68 78 990 90 3.75
old wizard 143 209 143 288 264 225 89 237 140 114 156 2009 183 7.63 2.03
* F1= ratio factor between Means of CogTool estimated skilled user time and actual time needed
**F2= ratio factor between Mean time needed by age groups in the same experimental condition
Table E10







Sample sizes, means and standard deviations in dependent variables (effectiveness, efficiency (time), efficiency (steps) and
satisfaction) for all groups
DV age group exp. condition Mean SD N
effectiveness
young control 85.45 15.15 20
video 91.77 9.05 21
wizard 87.73 12.95 20
total 88.38 12.65 61
old control 53.54 26.98 18
video 79.90 15.62 19
wizard 88.64 11.75 20
total 74.64 23.85 57
total control 70.33 26.71 38
video 86.14 13.81 40
wizard 88.18 12.21 40
total 81.74 20.05 118
efficiency (time)
young control 27.88 10.19 20
video 33.82 7.53 21
wizard 18.48 6.63 20
total 26.84 10.32 61
old control 8.84 5.92 18
video 15.64 6.18 19
wizard 8.92 2.47 20
total 11.13 5.94 57
total control 18.86 12.74 38
video 25.18 11.45 40
wizard 13.70 6.91 40
total 19.25 11.56 118
efficiency (steps)
young control 64.73 14.39 20
video 67.83 11.24 21
wizard 44.43 8.76 20
total 59.14 15.52 61
old control 38.39 19.36 18
video 58.48 13.32 19
wizard 43.57 7.72 20
total 46.91 16.24 57
total control 52.25 21.36 38
video 63.39 13.00 40
wizard 44.00 8.16 40
total 53.23 16.96 118
satisfaction
young control 80.21 8.57 20
video 81.81 8.11 21
wizard 80.47 10.93 20
total 80.85 9.14 61
old control 64.62 26.85 18
video 72.33 18.79 19
wizard 84.66 13.59 20
total 74.22 21.56 57
total control 72.83 20.77 38
video 77.31 14.82 40
wizard 82.56 12.36 40
total 77.65 16.62 118
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Table E12
Mean ranks in effectiveness, efficiency (time and steps) and satisfaction across experimental groups
effectiveness efficiency (time) efficiency (steps) satisfaction
experimental group N Mean Rank N Mean Rank N Mean Rank N Mean Rank
young control 21 66.88 21 89.76 21 86.71 20 59.95
old control 21 24.21 21 27.67 21 35.76 18 44.22
young video 21 82.12 21 105.62 21 95.00 21 64.98
old video 20 55.25 20 56.10 20 73.90 19 48.61
young wizard 20 73.55 20 67.95 20 43.60 20 62.30
old wizard 21 73.17 21 27.86 21 39.67 20 74.60
Total 124 124 124 118
Table E13
results of the Mann-Whitney U-test for the five selected comparisons
(1) old control vs. old video effectiveness efficiency (time) efficiency (steps) satisfaction
Mann-Whitney U 85.500 89.000 83.000 151.500
Z -3.276 -3.156 -3.312 -0.593
N 41 41 41 37
effect size r -0.51 -0.49 -0.52 -0.10
Asymp. Sig. (2-tailed) 0.001* 0.002* 0.001* 0.553
(2) old control vs. old wizard effectiveness efficiency (time) efficiency (steps) satisfaction
Mann-Whitney U 47.000 184.000 177.000 94.000
Z -4.416 -0.918 -1.094 -2.516
N 42 42 42 38
effect size r -0.68 -0.14 -0.17 -0.41
Asymp. Sig. (2-tailed) 0.000* 0.359 0.274 0.012
(3) old video vs. old wizard effectiveness efficiency (time) efficiency (steps) satisfaction
Mann-Whitney U 142.500 59.000 76.000 109.000
Z -1.800 -3.938 -3.495 -2.277
N 41 41 41 39
effect size r -0.28 -0.62 -0.55 -0.36
Asymp. Sig. (2-tailed) 0.072 0.000* 0.000* 0.023
(4) young control vs. old video effectiveness efficiency (time) efficiency (steps) satisfaction
Mann-Whitney U 168.000 67.000 145.000 150.000
Z -1.117 -3.730 -1.695 -1.125
N 41 41 41 39
effect size r -0.17 -0.58 -0.26 -0.18
Asymp. Sig. (2-tailed) 0.264 0.000* 0.090 0.261
(5) young control vs. old wizard effectiveness efficiency (time) efficiency (steps) satisfaction
Mann-Whitney U 197.000 7.000 60.000 152.500
Z -0.610 -5.371 -4.037 -1.287
N 42 42 42 40
effect size r -0.09 -0.83 -0.62 -0.20
Asymp. Sig. (2-tailed) 0.542 0.000* 0.000* 0.198
* values significant at α=.0025 with Bonferroni adjustment for 20 comparisons
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Table E14
Attitude toward ticket vending machines mean scores of older and younger participant groups
age group young old
attitude items Mean N SD Mean N SD
repulsive - appealing 0.35 62 1.32 -0.37 59 1.53
unpleasant - pleasant 0.31 62 1.14 -0.65 60 1.40
frustrating - encouraging 0.53 62 1.04 -0.42 59 1.68
complicated - simple 1.55 62 1.40 -0.75 61 1.63
unclear - clear 1.19 62 1.29 -0.35 60 1.54
useless - useful 2.40 62 0.86 0.92 60 1.81
inappropriate - appropriate 2.39 62 0.71 1.10 61 1.67
difficult to learn - easy to learn 1.73 62 1.04 0.02 60 1.57
Table E15
Pearson correlations of mental effort (RSME mean scores) and effectiveness, efficiency and satisfaction (dependent variables)
for all experimental groups
group effectiveness efficiency (time) efficiency (steps) satisfaction
overall -.387** -.364** -.309** -.514**
(-.58, -.16) (-.51, -.22) (-.47, -.12) (-.68, -.31)
young -.362** -.126 -.187 -.594**
(-.53, -.09) (-.34, .12) (-.40, .08) (-.75, -.39)
old -.291* -.352** -.243 -.461**
(-.54, .03) (-.54, -.15) (-.47, .01) (-.69, -.17)
young control -.641** -.200 -.490* -.313
(-.86, -.13) (-.54, .37) (-.75, .07) (-.69, .25)
old control -.290 -.399 -.306 -.614**
(-.70, .19) (-.76, .09) (-.69, .16) (-.88, -.25)
young video .159 .245 .226 -.721**
(-.28, .62) (-.06, .62) (-.15, .65) (-.90, -.29)
old video .205 .019 .253 .104
(-.31, .67) (-.33, .58) (-.15, .62) (-.35, .42)
young wizard -.384 -.466* -.496* -.706**
(-.66, -.06) (-.73, -.12) (-.71, -.23) (-.86, -.54)
old wizard -.088 -.554* .059 -.613**
(-.57, .56) (-.80, -.12) (-.45, .52) (-.88, -.22)
N=118, *p<.05, **p<.01 (2-sided), Bootstrap (1000) 95% CIs reported in brackets
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